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SYMBOLS, UNITS, AND EQUIVALENTS 





| 
Symbol Equivalent 





angstrom 107° meter 
annum, year 
billion electron volts 


centimeter(s) 0.394 inch 

counts per minute 

disintegrations per minute 

disintegrations per second 

electron volt 1.6 X107~” ergs 

gram(s) 

giga electron volts 1.6 X10~? ergs 

kilogram (s) | 1,000 g =2.205 Ib. 
square kilometer(s) } 

kilovolt peak | 

cubic meter(s) 

milliampere(s) 

millicuries per square mile___-| 0.386 nCi/m? (mCi/km?) 
million (mega) electron volts_.| 1.6 X10~° ergs 

milligram (s) 
square mile(s) 

milliliter(s) 
millimeter(s) 

nanocuries per square meter-__| 2.59 mCi/mi? 
picocurie(s) | 10-12 curie =2.22 dpm 
roentgen 

unit of absorbed radiation 


100 ergs/g 








The mention of commercial products is not to be construed as either an actual 
or implied endorsement of such products by the Department of Health, Edu- 
cation, and Welfare, Public Health Service. 
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Radioactive Cesium in Estuaries 


Gordon K. Riel 


The concentration of dissolved cesium-137 from fallout in the Chesapeake 
Bay is on the order of 0.3 pCi/liter, while the concentration is less than 0.1 
pCi/liter in the rivers and ocean that supply the Bay’s water. The ratio of 
radiocesium concentration to salinity in the Bay is fairly independent of loca- 
tion and season. Brief studies elsewhere indicate that this pattern is typical of 


estuaries. 


The Chesapeake Bay has been described as 
“the most valuable ...and the most threatened 
estuary in the world” (1). Its drainage area 
extends into six States, and it receives agricultural, 
industrial, and domestic wastes from 12 million 
people. Knowledge of the behavior of cesium in 
bodies of water and drainage systems will help 
determine mass transfer coefficients which are 
needed for various types of pollution control, as 
well as for the control of releases from nuclear 
reactors planned for the bay and its tributaries. 
This report presents the results of studies of 
cesium-137 concentrations in Chesapeake Bay, 
in surface waters draining into it, and in nearby 
coastal Atlantic Ocean waters. 

Table 1 presents information about the dimen- 
sions of the bay. The net water transport which 
flushes the bay is only about 10 percent of the 
tidal flow. Therefore, the residence time of water 
in the bay is calculated to be about a year, by 
dividing the total volume (75 x 10° cubic meters) 
by the net flow rate (2 x 10* cubic meters per 
second). 


Method 


Cesium is extracted by pumping water through 
the inorganic exchanger, potassium hexacyano- 
cobalt (II) ferrate (Il) (KCFC) (2, 3). A dip 
filter keeps solids out of the exchanger, and a flow- 
meter measures the volume of water pumped. 


1 Dr. Riel is a research physicist in the Nuclear Physics 
Division of the U.S. Naval Ordnance Laboratory (NOL), 
Silver Spring, Md. 20910. 
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Table 1. Chesapeake Bay: selected data (1) 


(values are approximate) 





. 3.4 to 35 miles 
Surface area of water: 
i iddbhebhhh aenaab bhnwinckiedinceinemems 2,320 square miles 
Tributaries 2,120 square miles 
Mean depth: 
EE a a 27.7 feet 
Bay and tributaries 21.4 feet 
Drainage area: 
PE tivsptbncccusetdoccccccsunccdsccou, See Ge 
Coastal plain 14,300 square miles 


64,900 square miles 

Number of tributaries: rivers, creeks, branches__-_ 50 
Navigable distance, tidewater 
Shoreline length, bay and tidewater tributaries ___- 
Average stream par Be (4), cubic feet per second: 

Susquehanna River 

All rivers 
Sediment discharge (5): 

Susquehanna River 

Potomac River 
Cesium-137 fallout per year (6) : 

meter 


0.96 X 10° tons/a 
1.4 X 10* tons/a 





One hundred grams of KCFC will extract 70 
percent of the dissolved cesium from 600 liters of 
water per hour. The cesium-137 content of the 
KCFC is determined by gamma spectrometry, 
with an error (counting and systematic) of +20 
pCi. Therefore, an accuracy of + 0.02 pCi/liter 
requires a total flow of 1,400 liters or about 
2% hours pumping. 

Duplicate determinations were made both with 
other laboratories and by analyzing the same 
KCFC sample repeatedly at NOL. Five out of 
seven samples counted by the Bureau of Com- 
mercial Fisheries Radiobiology Laboratory, 
Beaufort, N.C. (RBL) and 15 out of 30 samples 
counted by the Maryland Department of Health, 
Bureau of Laboratories, Baltimore, Md., agreed 
with our analysis within the stated error. 
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Figure |. Chesapeake Bay sites of cesium-137 measurements 
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Extraction efficiency is checked frequently by 
pumping the water through two beds of KCFC in 
series. At three sites, the effluent water was 
acidified to ionize any cesium complexes and 
reanalyzed. None were found. Errors in extraction 
efficiency, water volume, and cesium-137 standard 
sources give a proportional error of about + 20 
percent. 

Tests at shallow water sites near shore are 
influenced by rainfall and evaporation. However, 
by normalizing for salinity, values typical of 
offshore water are obtained. These are reported 
as cesium-137 to potassium ratios assuming that 
the potassium concentration is a constant fraction 
of salinity. 


Results 

Six sites, each with a pier in water 1 to 
2 meters deep (figure 1 and table 2), along the 
western shore of the Chesapeake Bay were tested 
periodically from June 1968 through January 1970. 
Tests along the bay’s ship channel (figure 2 and 
table 3) verified that the shore sites received 
typical surface water. Deep water at the bottom 
of the channel had only about half the concentra- 
tion of cesium that surface water had. However 
the deep channel is narrow so most of the water 
is like surface water. The ratio of radiocesium to 
salinity is fairly constant so the bay’s cesium-137 
content may be estimated from the salinity 
distribution. 


The Patuxent River (table 4) has a cesium-137 
distribution similar to that of the bay; that is, the 
ratio of cesium-137 to salinity is about 0.002 in the 
surface water and about 0.001 near the bottom. At 
Chalk Point, where a significant portion of the 
river is circulated through the power plant, these 
ratios are reversed. 


A dozen clams (Mya arenaria) were collected by 
personnel of the Chesapeake Biology Laboratory 
at each of these sites (table 4) during the Patuxent 
River test, but the cesium-137 content was unde- 
tectable. Therefore, in February 1969, they 
collected a bushel of clams from water with a 
salinity of 13.3 °/.. (parts per thousand) and a 
cesium-137 concentration of 0.1 pCi/liter. Cesium- 
137 amounting to about 3 percent of the natural 
potassium-40 radioactivity, was detected in this 
large sample (table 4). 


Repeated measurements in fresh water (table 5) 
have convinced us that little dissolved cesium-137 
enters the bay that way. The concentation in 
fresh water does not average more than 0.01 
pCi/liter, so a year’s flow at 2.8x10* m*/s (105 
c.f.s.) will deliver less than 1 curie of cesium-137. 
Mud contained less than 50 pCi cesium-137/kg 
wet weight so a typical discharge into the bay of 
10° tons per year (5) would deliver less than 0.05 
curies annually. These are small compared with the 
direct fallout deposition of about 20 curies per 
year. 


Table 2. Cesium-137 in the Chesapeake Bay near the western shore 





Adjacent river Date 


Cesium-137 concentration 





Salinity 
° 
/oo 


(pCi/liter)> | (pCi/g K)e 





Causeway, south side 
Causeway, north side 
Causeway, north side 
Causeway, north side 
Swans Point; Baltimore 





Susquehanna 


Patuxent 


Potomac 


7/18/68 0.05 +0.02 
7+. 


oon 
Hee EE HE 


pee | 
tO. *“-* 


5/28/69 
7/30 & rite 


9/16/69 
10/3/69 
12/18/69 
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® Ranked in direction of fresh water flow (figure 1). 
b Proportional error is about 20 percent, 
¢ 0.0117 times salinity equals grams of potassium per liter. 
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Figure 2. Chesapeake Bay cesium-137 stations, October 1968 
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Table 3. Cesium-137 in the Chesapeake Bay ship channel 





October 1969 Cesium-137 concentration 
- = Salinity 
* oo 


Depth (feet) Adjacent river 





Day (pCi/liter)> (pCi/g K)e 





6 Susquehanna 
Bottom 

6 Patapsco 
Bottom 
Magothy 
Severn 


Patuxent 
Potomac 


James 
(In ocean) 


mMNSOwDmMONDSSOiNN 
SSS -- grrr ae 


























® Ranked in direction of fresh water flow, see figure 2; bottom at fixed station: surface while underway. 
b Proportional error is about 20 percent, 
¢ 0.0117 times salinity equals grams of potassium per liter. 


Table 4. Cesium-137 in Patuxent River* 


Depth (feet) 


; August 1969 Cesium-137 concentration 
Site> ar Salinity 
ad / 





oo 


Start End Day Hour (pCi/liter)¢ (pCi/g K)4 








Milton Landing 1350 


1110 


3.140. 
Ot. 
1 


wn 
bt 


“ 
CNwundsonwnN ory 


Potts Point _- -- 
Chalk Point 


SRRBRERE 


to eR NOM Om 
[HLH | RARE EE 
bobo toto totototr me 


Drum Cliff 
St. Cuthbert wharf 


_ 
_ 


8 
a 
wo 


Drum Point 


8 


Nin Arin to 0m © NID NIbo to 
~ 


2 
5 
2 
6 
2 
5 
2 
12 1 
2 
3 
2 
4 
2 
6 


| Neto 





























« A bushel of clams collected on 2/17/69 off Marsh Point (salinity 13.3 °/,,: cesium-137, 0.1 pCi/liter) contained 260 + 20 pCi ""Cs/kg dry meat, 
6.2 + 0.3 pCi ""Cs/g K. 

b Ranked in direction of fresh water flow. 

¢ Proportional error is about 20 percent. 

40.0117 times salinity equals grams of potassium per liter, 


Table 5. Cesium-137 in the Chesapeake Bay tributary near shore 








Cesium-137 concentration 





Salinity 
° 
/oo 


(pCi/liter)> (pCi/g K)e 











Delaware City C & D Canal 1/30/70 
Susquehanna State Parké Susquehanna 4/5 & 11/68 
5/14 & 16 and 

6/10 & 11/68 


0.07 +0.02 
-00+ .01 


Susquehanna 
Elk 


Brackish 
Annapolis Brackish 
Highway 4 ‘ Patuxent Fresh 
Fresh 
Benedict Patuxent Brackish 


Washington Potomac 


SRORRBRESRS* SE 


7/26 /68 




















* Ranked in direction of fresh water flow. 

> Proportional error is about 20 percent, 

¢ 0.0117 times salinity equals grams of potassium per liter. 

4 Other negative results (0 + 20 pCi/sample) in Susquehanna River include filters, mixed resin, kilogram samples of mud and leaves, and 6 more extrac- 
tion tests at above sites, one with nitric acid added to maintain pH = 2 
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Table 6. Cesium-137 in North Carolina estuaries 


| August 1968 





| Cesium 137 concentration 


Salinity 


ad 
Mi Seed 
| 
| 





| (pCi/liter)> (pCi/g K)e 


Hour 


Bogue Sound 
Neuse River 
Fort Point_ , Sea | Neuse River 
Crotan State Forest ___- ‘ “an .....| Neuse River 
Great Neck Point_ ae -.-----------| Neuse River 


Radiobiology epengntie Beaufort. - 


0. ae: 02 
New Bern A 


mNmwnNo 


® Ranked in direction of fresh water flow. 
+ Proportional error is about 20 percent. 
¢ 0.0117 times salinity equals grams of potassium per liter. 


Surface water in the Neuse River was sampled 
from shore at four stations from New Bern 
downstream about 27 miles, almost to Pamlico 
Sound. Salinity during this test was 3 to 4 °/oo 
higher than that normally found by RBL 
investigators. Concentrations of cesium-137 in the 
Neuse River (table 6) were somewhat higher than 
in the Chesapeake Bay. The cesium to potassium 
ratio instead of being constant was a linear 
function of salinity, that is: pCi/g = 0.18 (25 — 
salinity). The radiocesium concentration and 
salinity of Bogue Sound were typical of coastal 
ocean water. 

The Savannah River (table 7) receives a little 
cesium-137 from the AEC Savannah River project 
and is the only fresh water where we have found 
cesium-137 concentrations of more than 0.1 pCi/ 
liter (other than in the discharge of a nuclear 
reactor). At the river’s mouth, the concentration 
was lower, indicating dilution and rapid flushing. 


Table 7. Cesium-137 in Savannah River 


Cesium-137 
concentration 


| Date 
} (pCi/liter)> 


| Salinity 
| 





| 
Augusta, Ga......-...- 1/24/68 | Fresh | 0.1+0. 
Below Sav —_ River plant | 1/26/68 | Fresh | 5+ .0 
Savannah, Ga: Ft, Pulaski----- .| 1/27/68 | High tide -l+ 
Low tide | 2+ 





* Ranked in direction of fresh water flow, 
> Proportional error is about 20 percent, 


Coastal Atlantic Ocean water (table 8) shows 
considerable variation in cesium-137 concentra- 
tion. Lower concentrations are typical of ocean 
water, while higher concentrations are typical of 
water that has remained in a shallow basin. At 
Indian River Inlet either condition may exist 
depending on the flow during the test. 
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Table 8. Cesium-137 in coastal Atlantic Ocean 








| Cesium-137 
Site concentration 
(pCi/liter) ® 


Indian River Inlet, Delaware _ _ 1/18/67 


3/23/67 


a Henlopen, Delaware - 
Be lamas 


ae 8/6 
Bahamas and Gulf Stream_ 11/18— 19/ 080 








a Proportional error is about 20 percent. 


Conclusions 


Chesapeake Bay waters with salinity between 
6 and 18 parts per thousand had cesium-137 con- 
centrations between 0.1 and 0.4 pCi/liter. The 
concentration of dissolved fallout cesium-137 in 
fresh water averages less than 0.01 pCi/liter; 
in the coastal Atlantic Ocean, it is about 0.1 pCi/ 
liter (7). The cesium-137 to potassium ratio is 1 to 
2 pCi/g in the estuaries and about 0.5 pCi/g in the 
ocean. At salinities below 3 parts per thousand, 
the cesium to potassium ratio is subject to large 
errors because the assumption that potassium is a 
constant fraction of salinity does not hold for fresh 
water. 

Two large reservoirs, the earth and the strato- 
sphere, feed cesium-137 into the bay and will 
continue to do so for decades after the end of the 
atmospheric weapon tests. First, annual fallout 
directly on the bay’s surface is about 2 nCi/m?. 
Second, rain falling on 65,000 square miles of 
land drains into the Chesapeake Bay. So far, most 
of the cesium in that rain has been retained on the 
land because cesium is bound tightly to clay 
minerals. However, as these minerals wash into the 
bay, we may see estuarine concentrations of 
cesium-137 increasing even while fallout deposition 
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is decreasing. In salt water, sodium exchanges 
with cesium on clay so that part of the cesium is 
dissolved. To date, the cesium-137 in the Chesa- 
peake Bay may be accounted for by the 6.5 meter 
average depth and 1 year’s residence time: 


me = (2 X10* pCi/a-m?) (surface area) 
—(Q)(C.)=0 -++(1) 


where V =average volume of bay 
Q =net flow rate from the bay 
C, =cesium-137 concentration in the bay 
surface area = (V) /(d) -++(2) 
where d =average depth 
“. (2X10*)(V)/(d) =(Q)(C.) 

or (2 X10*)/(d) =(Q/V)(C.) =(1/T)C,) —- ++ (4) 
where T =residence time 
C. =equilibrium cesium-137 concentration 


(2X10°)(T) _ 
~~ 


3 1/Qe 2 3 
a= (2 pCi/a = lm Ja e 


C. 
oe (5) 





6.5 m 10° liter 
=0.3 pCi/liter ---(6) 


Fallout on the ocean surface is mixed to a depth of 
about 100 m, and the resulting cesium-137 
concentration is about 0.1 pCi/liter. This observa- 
tion suggests that the residence time for fallout 
cesium in the upper layer of the ocean may be on 
the order of: 


0.1 pCi Toes mene) 
6.5 meters 


1 ome 
year( > pCi/liter 


=5 years’ ---(7) 
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Nassau County Microwave Oven Study, June 1969-—March 1970 


David Mafrici, Sheldon V. Bernstein, and Charles E. Miller' 


The Radiological Health Section of the Nassau County Department of 
Health conducted a survey of microwave ovens ‘located in Nassau County, 
New York. A total of 166 ovens were surveyed between June 1969 and March 
1970. It was found that 23 of the 166 ovens (14 percent) exceeded the industry’s 
standard of 10 mW/cm? during normal operation. When the door was in the 
process of being opened, 69 of the 166 ovens (42 percent) exceeded the stand- 
ard. The owners and the manufacturers of the ovens were notified of the results 
of the survey, and recommendations were made for correction of deficiencies. 


Microwave equipment has been in wide use by 
the military for many years to convey information 
(such as radar and communications systems), as a 
means of transmitting power, and for heating 
effects (1). Recently, there has been an increase 
in the use of microwave radiation (microwave 
ovens) for food preparation. Although the use of 
microwave ovens had predominantly been limited 
to the military and commercial restaurants, units 
are now available for home use. 

The current selling price ranges from $500 to 
$1,000 per oven and it was estimated in 1968 that 
sales approximated 40,000 units per year (2). 
Should the price decrease considerably, the num- 
ber of ovens sold for home use is expected to 
increase sharply. The advantages of microwave 
cooking as compared to the conventional methods 
of cooking include: (a) shorter cooking time; (b) 
uniform cooking of the food rather than cooking 
only from the surface; (c) less need for cleaning 
of utensils since only the food is heated, and (d) 
production of less heat thereby keeping cooking 
areas cooler. 


Effects of microwave radiation 


Microwaves produce a rapid temperature rise 
in food, and this same effect would occur in the 


1Mr. Mafrici is a public health engineer, and Messrs. 
Bernstein and Miller are public health sanitarians with the 
Radiological Health Section, Bureau of Special Services, 
Nassau County Department of Health, 240 Old Country 
Road, Mineola, N.Y. 11735. 
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human body. Microwave absorption is greatest in 
those tissues of the body which have a high water 
content. The biological effects of microwave 
radiation are greatest in tissues or organs which 
have a poor capacity to dissipate a local tempera- 
ture rise. The male gonads and the lens of human 
eyes fall into this category. The eyes are especially 
susceptible and there is evidence that microwave 
radiation produces cataracts (3). There have not 
been any injuries reported which can be directly 
attributed to the use of microwave ovens; however, 
the potential for such injury exists (4). Although 
no official Federal standards have been promul- 
gated,? the U.S. Army, Navy, and Air Force have 
established an exposure standard of 10 mW/cm’, 
based on “‘heat tolerance and transfer capabilities 
of the human body” (5). The U.S.S.R.’s standard 
of 0.01 mW/cm? is based on “disruptions of the 
functional state of the neural and cardiovascular 
systems” (5). In the absence of official regulations, 
industry has accepted and used 10 mW/cm? as a 
voluntary emission standard. 


Initial survey 


As a result of discussions held with representa- 
tives of the U.S. Public Health Service, the 
Radiological Health Section of the Nassau County 


2 Editors note: on October 6, 1970, emission standards 
for microwave ovens were published by the Bureau of 
Radiological Health. 
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Department of Health conducted a preliminary 
survey of microwave ovens during June 1969 (6). 
The purpose was to determine if a problem existed 
with ovens leaking microwave radiation in excess 
of industry’s own standard. Initially, this study 
concentrated its efforts on commercial establish- 
ments. With the cooperation of three catering 
firms, the locations of commercial ovens in Nassau 
County were obtained. In addition, one of the 
oven manufacturers who produced ovens solely 
for home use submitted a list of customers located 
in the county. As a result of the June survey, it was 
discovered that 12 percent of the ovens exceeded 
industry’s own standard of 10 mW/cm? at 5 cm 
during normal operation (door closed), and 40 
percent exceeded the standard while the door was 
in the process of being opened (interlock test). 


Subsequent survey 


Since the 50 ovens surveyed in June could not 
be considered a representative sample, it was 
decided to extend the project and survey as many 
ovens as could be located in the county. In 
November 1969, a formal agreement was made 
with the U.S. Public Health Service and the New 
York State Department of Health in which the 
Nassau County Department of Health would 
perform the necessary surveys (7). One of the 
prime objectives of the agreement was to collect 
sufficient data for use in the development of 
performance standards for electronic products. 
In addition, the collection of these data could be 
used for county, State, and national assessment of 
radiation exposure from electronic products. 


Survey procedures 


A total of 166 microwave ovens were surveyed; 
—50 during June 1969 and 116 during December 
1969 to March 1970 (table 1). Sixty-one of the 
ovens were located in commercial establishments 
(such as restaurants and cafeterias) ; 96 were being 
used in the home and nine used as demonstration 
models. 

Two different instruments were used in the 
June survey, the Ramcor 1200B and the Narda 
8100 (table 2). The Narda instrument was 
eventually selected and used throughout the later 
survey because: 
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(a) it was manufactured specifically for surveying 
microwave ovens, 

(b) the antenna is designed to minimize polariza- 
tion sensitivity of the detector, 

(c) the 2-inch spacer provided uniform distance 
from any external surface of the oven, 

(d) the instrument read directly in mW/cm? 
rather than decibels, 

(e) the larger scale face was easier to read, 

(f) an audible signal could be set for any par- 
ticular reading, and 

(g) no warmup time was required. 


Table 1. Microwave oven study, Nassau County 


Department of Health 





Dates of survey 





Manufacturer | 
June 1969 | December 1969 


to March 1970 
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International 
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Summary 


on 





Type of instrument used 





Number of ovens surveyed 





Instrument used 


June 1969 | December 1969 
to March 1970 








At first, each inspection was performed by a team 
of two public health sanitarians; however, with 
experience it was found that only one sanitarian 
was needed to conduct each inspection. A difficulty 
encounted at the beginning of the survey was that 
of obtaining lists of names and addresses of private 
owners of microwave ovens. For various reasons, 
these lists were unavailable from the oven manu- 
facturers. However, a press release published in the 
local newspapers resulted in a direct response 
from many oven owners to the Nassau County 
Health Department. During the survey, various 
oven manufacturers compiled listings of their 
customers and forwarded these lists to the Health 
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Department. There was no problem obtaining a 
list of the commercial oven locations in the 
County since the three catering firms were very 
cooperative during the June 1969 and December 
1969—March 1970 surveys. 

The procedures used in the survey were those 
established by the U.S. Public Health Service 
(8) except that a 300-ml styrofoam cup was used 
for the water load instead of a 600-ml glass 
beaker. All measurements were made using a 
275 ml water test load in the cooking cavity and 
readings were taken at 5 cm from the surface of the 
oven. Two sets of measurements were obtained in 
each survey. The first set of readings was obtained 
while the oven was in normal operation (door 
closed). These readings indicated the amount of 
microwave radiation leakage which could po- 
tentially be a source of continuous human expoure 
during operation. A second set of readings was 
made while the door was in the process of being 
opened. With the oven operating, the door was 
slowly opened and measurements taken until the 
interlock engaged and disconnected the power 
supply to the oven. This procedure was per- 
formed to determine the efficiency of the inter- 
locks. This type of microwave radiation leakage is 
considered to be a potential source of intermittent 
human exposure. 


Results 


The survey results show that 23 of 166 ovens 
(14 percent) exceeded industry’s standard of 10 
mW/cm? during normal operation (table 3). 


Table 3. 


Results of survey measurements, door closed 
(normal operation) 





Reading 
(mW /cm? at 5 cm from surface) 





Total 
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When the door was in the process of being 
opened, 69 out of 166 ovens (42 percent) 
exceeded the standard (table 4). 
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Table 4. Results of survey measurements, door in the 


process of opening 





Readings 
(mW /cm? at 5 em from surface) 
Manufacturer ee Ms Peas eet 
| 
| >1 <5)>5 < 10 
Amana. - —— 
Tappan__-__- ‘ 
Litton___ 
Omnivend bu 
General Electric _ - 
Raytheon___- 
Hotpoint - - _ _-- . 
International___ | 
Magic Chef - - - . 


Total 





There is very little difference in the results 
obtained in the initial survey (50 ovens in June) 
and the results obtained in the survey of 166 
ovens (table 5). 


Table 5. Comparison of results from the initial survey 
of 50 microwave ovens and survey of | 
microwave ovens 


Percent exceeding 10 mW/cm? 


Initial June 1969 leat 1969 to March 
survey | 1970 survey 


Test conditions 


Oven operating under normal 
conditions (door closed) 

Oven operating with door in 
process of being opened - - - - 





These results generally agree with those com- 
piled by other agencies throughout the nation 
where microwave oven studies have been per- 
formed (5). 

After each survey, the owner of the oven was 
notified of the results. When the microwave 
leakage was found to exceed the voluntary stan- 
dard, the owner was advised to discontinue the 
use of the oven and to contact the manufacturer 
to have the oven repaired. Where the readings 
were between 5 and 10 mW/cm?, it was recom- 
mended that the ovens be serviced to reduce the 
leakage. Upon completion of the survey, each 
oven manufacturer was notified of the results of 
the survey of all his ovens. The notification 
included a listing of the oven location, the date of 
survey, the model number, measurements with 
the door closed, and measurements with the door 
in the process of being opened. 


Discussion 


The Nassau County microwave oven survey 
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revealed that some problems exist with microwave 
radiation leakage. On the basis of these survey 
results, it is recommended that a program be 
initiated to eliminate this unnecessary leakage. 
The initial phase of the program would be related 
to ovens that have been manufactured and are 
being used by the public. A second phase would 
relate to the manufacture of future ovens. 

The initial phase, that of locating and surveying 
the ovens, was completed and the oven manufac- 
turers notified of the results. It is now necessary 
to determine whether corrections have been made 
to those ovens which exceeded the industry’s 
standard, and on this basis a followup survey is 
planned. 

Ovens that will be manufactured in the future 
can be effectively controlled only by the passage of 
Federal legislation. The Nassau County Depart- 
ment of Health has recommended to the Secretary 
of Health, Education, and Welfare that all new 
microwave ovens be designed to meet a standard 
of 5 mW/cm? at 5 em from any portion of the 
surface. The survey revealed that 58 percent of 
the ovens met industry’s voluntary standard of 
10 mW/cm? and that 45 percent were also equal 
to or less than 5 mW/cm?. This is an indication 
that industry is capable of meeting a proposed 
standard of 5 mW/cm:*. In addition, a positive 
interlock system was recommended on all micro- 
wave ovens to insure that the power is turned off 
before the door is capable of being opened. If all 
ovens had a positive interlock system at the time 
of the survey, then 86 percent of the ovens would 
have met industry’s standard of 10 mW/cm? and 
73.5 percent would have met the Nassau County 
Health Department’s recommended standard of 
5 mW/cm?. 

The Ad Hoc Task Force Report (9) on micro- 
wave ovens has recommended that (based on 
available data on radiation leakage of microwave 
ovens) additional surveys be performed by 
industry and government. Each manufacturer 
plans to survey a percentage of their ovens and 
arrange for corrective servicing for any of the 
ovens which exceed industry’s voluntary standard. 
The Radiological Health Section of the Nassau 
County Department of Health has completed a 
survey and forwarded the data to both the 
manufacturers and the U.S. Public Health Service. 
It is anticipated that these data will be used to 
develop performance standards and to assess the 
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nationwide radiation exposure from microwave 
ovens. 
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Krypton-85 Levels in the Environment Determined from Dated 
Krypton Gas Samples 


R. E. Shuping, C. R. Phillips, and A. A. Moghissi' 


A program to monitor the krypton-85 atmospheric concentrations in the 
United States is described, and concentrations of krypton-85 at several sites are 
presented. A brief description of the analytical method is given and values ob- 
tained are compared with those reported or predicted by others. 


The Southeastern Radiological Health Labora- 
tory has undertaken a program to monitor the 
krypton-85 concentration in the atmosphere 
utilizing dated krypton gas samples obtained from 
commercial suppliers. This program was under- 
taken to verify and monitor the trend of krypton-85 
levels shown by Ehhalt et al. (1) and predicted by 
Coleman and Liberace (2). The latter predicted a 
dose rate of 50 millirads per year to the general 
population by 2060, based on a projected krypton- 
85 inventory. The krypton-85 content of the 
sample was determined using the method re- 
ported in reference 3. This method utilizes the 
high solubility of krypton in conventional organic 
liquid scintillation solutions. The gas is introduced 
into an evacuated glass vial fitted with a luer 
tapered, ground glass fitting. The vial is filled with 
deaerated scintillation solution and sealed with a 
plastic syringe hub. The vials are then counted in a 
liquid scintillation counter. 

Since the receipt and reporting of the samples in 
reference 3, we have received dated krypton 
samples from Chester, W. Va., and Cleveland, 
Ohio. The samples from West Virginia were from 
monthly composites of gas, while those from 
Ohio were from quarterly composites. Three older 
samples of gas from Cleveland, Ohio, were received 
and were from yearly composites. The data ob- 
tained from these 17 samples are presented in 
table 1. The values in this table represent the mean 


1 Mr. Shuping and Mr. Phillips are with the Southeastern 
Radiological Health Laboratory, Montgomery, Ala., and 
Dr. Moghissi is with Southwestern Radiological Health 
Laboratory, Las Vegas, Nev. 


December 1970 


of five determinations on each sample. The data in 
table 2 were published in reference 3 and are 
reproduced here for comparison. The data from 
both tables are presented graphically in figure 1. 
The dates plotted in figure 1 are at the midpoint 
of the collection period and the activities are 
reported as pCi/m' of dry air at standard tempera- 
ture and pressure. 

The solid line in figure 1 represents data pub- 
lished by Ehhalt et al. (1) in 1963 and indicates an 
upward trend in the krypton-85 levels. Coleman 
and Liberace (2) predicted an increase in the 
atmospheric levels of krypton-85 based on the 
anticipated use of nuclear energy. The values 
found during our work compare favorably with 
the upward trend seen by Ehhalt and the increase 
predicted by Coleman. 


Table 1. 


Krypton-85 concentration in air 
(current SERHL data) 


Sample origin Midpoint of 
| collection period | 


Chester, W. Va 


Radioactivity* 
(pCi/m*) 





Cleveland, Ohio 
(Site A) 


et 


Cleveland, Ohio 
(Site B) 
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® Standard deviation calculated at the 95-percent confidence level. Mean 
of five determinations. 
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Figure lI. 


Krypton-85 concentration in air 


(including data of Ehhalt et al.) 


Table 2. Krypton-85 concentration in air 


(from reference 3) 


| 
Midpoint of | Radioactivity 
collection period | (pCi/m') 


| 
| 


Sample origin 


Munich, Germany_-- 
Essington, Pa, 


— 


Sriintomis | 


Lyon, France 


Cleveland, Ohio 
Ontario, Canada_ -- -- 
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® Standard deviation calculated at the 95-percent confidence level. Mean 
of at least five determinations. 


We plan to continue this project and will 
publish atmospheric krypton-85 concentrations 
periodically in this journal. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, August 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it is 
the food item that is most useful as an indicator of 
the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may 
be released to the environment from nuclear 
activities. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle and analyze, and samples representative 
of general population consumption can be readily 
obtained. Therefore, milk sampling networks have 
been found to be an effective mechanism for 
obtaining information on current radionuclide 
concentrations and long-term trends. From such 
information, public health agencies can determine 
the need for further investigation and/or correc- 
tive public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Compliance, Food and Drug 
Administration, U.S. Public Health Service, con- 
sists of 63 sampling stations; 61 located in the 
United States, one in Puerto Rico, and one in the 
Canal Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 15 of these 
State networks are reported routinely in Radiolog- 
ical Health Data and Reports. Additional networks 
for the routine surveillance of radioactivity in milk 
in the Western Hemisphere and their sponsoring 
organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service)—5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, the 
present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that are 
formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs nat- 
urally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
for assessing the biological behavior of metabol- 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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ically similar radionuclides (radiostrontium and 
radiocesium, respectively). The contents of both 
calcium and potassium in milk have been measured 
extensively and are relatively constant. Appro- 
priate values and their variations, expressed in 
terms of 2-standard deviations (2c), for these 
elements are 1.16 + 0.08 g/liter for calcium 
and 1.51 + 0.21 g/liter for potassium. These 
figures are averages of data from the PMN for 
May 1963—March 1966 (3) and were determined 
for use in general radiological health calculations 
or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the inter- 
national, national, and State networks considered 
in this report, it was first necessary to determine 
the accuracy with which each laboratory is making 
its determinations and the agreement of the 
measurements among the laboratories. The Ana- 
lytical Quality Control Service of the Bureau of 
Radiological Health conducts periodic studies to 
assess the accuracy of determinations of radio- 


nulcides in milk performed by interested public 
health radiochemical laboratories. The generalized 
procedure for making such a study has been out- 
lined previously (4). 

The most recent study was conducted during 
May-July 1970, with 28 laboratories participating 


Table 1. 


in an experiment on milk samples containing 
known concentrations of strontium-89, strontium- 
90, iodine-131, cesium-137, and barium-140 (5). 
Of the 20 laboratories producing data for the 
networks reporting in Radiological Health Data 
and Reports, 13 participated in the experiment. 

The accuracy results of this experiment are 
shown in table 1. In general, considerable im- 
provement is needed, especially in the accuracy 
measurements. Keeping these possible differences 
in mind, integration of the data from the various 
networks can be undertaken. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 
networks that report regularly were surveyed for 
information on analytical methods, sampling and 
analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an ion- 
exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 





Isotope and known concentration 


Acceptable 
(X<X +420) 


Warning level 
— = Unacceptable 
Aas <* | pk aan 





Strontium-89 High 
(258 pCi/liter) 
Low 


(15 pCi/liter) 
Strontium-90: Intermediate 
(79.4 pCi/liter) 


Low 
(32.0 pCi/liter) 
Iodine-131: High 
(507 pCi/liter) 


Low 
(49 pCi/liter ) 
Cesium-137: High 
(259 pCi/liter) 
Low 
(53 pC/Mter) 
Barium-140: ligh 
(302 pCi/iiter) 


Ww 
(33 pCi/liter) 





5 (25%) 


(44%) 
(69%) 
(57%) 


(6%) (50%) 
(19%) (12%) 
(17%) (26%) 
(20%) (55%) 
(7%) (26%) 
(12%) (24%) 
(11%) (15%) 
(19%) (15%) 
(7%) (26%) 
(8%) 


(67%) 
(64%) 
(74%) 
(66%) 
(67%) 
(92%) 


oun co wow wns * * WS 














December 1970 





and refinements of these basic methodologies. The 
methods used by each of the networks have been 
referenced in earlier reports appearing in Radio- 
logical Health Data and Reports. 

A previous article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis varies not only among the 
networks but also at different stations within some 
of the networks. In addition, the frequency of 
collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presenta- 
tion. Current levels for strontium-90 and cesium- 
137 are relatively stable over short time periods, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine-131, 
the frequency of analysis is critical and is gen- 
erally increased at the first measurement or 
recognition of a new influx of this radionuclide. 

The data presentation also reflects whether raw 
or pasteurized milk was collected. An analysis (7) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated that, 
for relatively similar milkshed or sampling areas, 
the differences in concentration of radionuclides 
in raw and pasteurized milk are not statistically 
significant. Particular attention was paid to 
strontium-90 and cesium-137 in that analysis. 

Practical reporting levels were developed by the 
participating networks, most often based on 
2-standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses (3). The practical reporting level reflects 
analytical factors other than statistical radio- 
activity counting variations and will be used as a 
practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
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practical reporting levels were given as equal to or 
less than the given value. 


Practical reporting level 
(pCi/liter) 


Strontium-89 5 
Strontium-90 > 4 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Radionuclide 





Some of the networks gave practical reporting 
levels greater than those above. In these cases, the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the 
handling of individual sample determinations. The 
treatment of measurements equal to or below these 
practical reporting levels for calculation purposes, 
particularly in calculating monthly averages, is 
discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range have 
also been reported by the networks (3). The 
precision errors reported for each of the radio- 
nuclides fall in the following ranges: 


Analytical errors of precision 


Radionuclide (2-standard deviat ons) 


Strontium-89 





1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/ 
liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/ 
liter; 

4-10 pCi/liter for 
<100 pCi/liter; 
4-10% for levels >100 pCi/ 
liter. 


Strontium-90 


levels 


Cesium-137 


Iodine-131 
Barium-140 


For iodine-131, cesium-137, and barium-140, there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level for 
the Colorado milk network. 
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Federal Radiation Council guidance applicable to use milk as the indicator food item for routine 
milk surveillance surveillance. Assuming a 1 liter per day intake of 
milk, one can utilize the graded approach of daily 
intake on the basis of radionuclide content in milk 
samples collected to represent general population 
consumption. Under these assumptions, the radio- 
nuclide concentrations in pCi/liter of milk can 
replace the daily radionuclide intake in pCi/day 
in the three graded ranges. 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions is presented 
below 


Protective Action Guides (10, 11) 
Radiation Protection Guides (8, 9) 

The Protective Action Guide (PAG) has been 
The Radiation Protection Guide (RPG) has defined by the Council as the projected absorbed 
been defined by the Federal Radiation Council dose to individuals in the general population that 
(FRC) as the radiation dose which should not be warrants protective action following a con- 
exceeded without careful consideration of the taminating event. A PAG provides general 
reasons for doing so; every effort should be madeto guidance for the protection of the population 
encourage the maintenance of radiation doses as against exposure by ingestion of contaminated 
far below this guide as practicable. An RPG foods resulting from the accidental release or the 
provides radiation protection guidance for the unforeseen dispersal of radioactive materials in 
control and regulation of normal peacetime uses of the environment. A PAG is also based on the 
nuclear technology in which control is exercised assumption that such an occurrence is an un- 
primarily at the source through the design and __ilikely event, and circumstances that might 
use of nuclear material. It represents a balance _involve the probability of repetitive occurrences 
between the possible risk to the general public during a 1 or 2-year period in a particular area 
that might result due to exposures from routine would require special consideration. Protective 
uses of ionizing radiation and the benefits from the actions are appropriate when the health benefits 
activities causing the exposure. associated with the reduction in exposure to be 
Table 2 presents a summary of guidelines and _ achieved are sufficient to offset the undesirable 

related information on environmental radiation features of the protective actions. 
levels as set forth by the FRC for the conditions Table 3 presents a summary of guidelines as set 
under which RPG’s are applicable. A more forth by the FRC for the conditions under which 
detailed discussion of these values was presented §PAG’s are applicable. A more detailed discussion 
earlier (3). of these values was presented earlier (3). Also 
In the absence of specific dietary data, one can __ given in table 3 are milk concentrations for each 


Table 2. Radiation Protection Guides—FRC recommendations and related information pertaining to 
environmental levels during normal peacetime operation 





Guidance for suitable samples of exposed population group* 
RPG for 
Nuclide Critical organ individual in the 
general population RPG Corresponding con- Range I Range II Range III 
(rad /a) (rad /a) ae ~~ intake (pCi/day)> (pCi/day)> (pCi/day)> 
pCi/day) 


0-200 200-2 ,000 2 ,000-20 ,000 
0-20 20-200 200— 2,000 


0-10 10-100 100— 1,000 
0-360 360-3 ,600 3, 600-36 , 000 


Strontium-89__........| Bone_____------ 
Bone marrow. _- 
Strontium-90__........| Bone__.._--_--- 
Bone marrow _ _- 
Iodine-131 Thyroid 

Cesium-—137° Whole body - - - - 


pouuae ws 





CrCr cr cr oro 























® Suitable samples which represent the limiting conditions for this guidance are: strontium-89, strontium-—90—general population; iodine-131—children 
1 year of age; cesium-—137— infants. 

b Based on an average intake of 1 liter of milk per day. 

¢ A dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-89 and strontium-90, the Council's study indicated that there is currently no operational requirement for an intake value as high as 
one corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 
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Table 3. Protection Action Guides—FRC recommendations and related information 
pertaining to environmental levels during an acute contaminating event 





; Critical 
Radionuclide organ 


(rads) 


Strontium-39_ - - 
Strontium—90- 
Cesium-1 37 


Bone marrow 
Bone marrow 
Whole body 15ast 





lodine 131 





Thyrc sid 7 


PAG for individuals 
in general population 


10 in first yr; total 
dose not to exceed 


| Category noeeune -cow-milk) 


Guidance for suitable sample, children 1 year of age 


Maximum concentration 

in milk for single nuclide 

that would result in PAG 
oe 


PAG 
(rads) 


3 in first yr; total dose 
not to exceed 54> 











« The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the 


numerical value of the respective guide. 


» Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 
is 5 times strontium-90 dose in first year for children approximately 1 year of age. 
¢ These values represent concentrations that would result in doses to the bone marrow or whole body equal to the 


PAG, if only the single radionuclide were ee sent. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum concen- 
tration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a PAG 
dose if that portion of intake prior to the maximum concentration in milk is not considered. Children, 1 year of age, 


are assumed to be the critical segment of the population. 


of the radionuclides considered, in the absence of 
others, which, if attained after an acute incident, 
would result in doses equivalent to the appropriate 
PAG. These concentrations are based on a 
projection of the maximum concentration from an 
idealized model for any acute deposition and the 
pasture-cow-milk-man pathway, as well as an 
estimate of the intake prior to reaching the maxi- 
mum concentration. Therefore, these maximum 
concentrations are intended for use in estimating 
future intake on the basis of a few early samples 
rather than in retrospective manner. 


Data reporting format 


Table 4 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. The relationship 
between the PMN stations and State stations is 
shown in figure 2. The first column under each of 
the radionuclides reported gives the monthly 
average for the station and the number of samples 
analyzed in that month in parentheses. When an 
individual sampling result is equal to or below the 
practical reporting level for the radionuclide, 
a value of zero is used for averaging. Monthly 
averages are calculated using the above conven- 
tion. Averages which are equal to or less than the 
practical reporting levels reflect the presence of 
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radioactivity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed populations groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 


In table 4, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
August 1970 and the 12-month period, September 
1969 to August 1970. Except where noted the 
monthly average represents a single sample for the 
sampling station. Strontium-89 and barium-140 
data have been omitted from table 4 since levels 
at the great majority of the stations for August 
1970 were below the respective practical reporting 
levels. Table 5 gives monthly averages for those 
stations at which strontium-89 was detected. 

Iodine-131 results are included in the table, even 
though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 2), levels in milk for this radionuclide are 
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Table 4. Concentration of radionuclides in milk for August 1970 and 12-month period, 
September 1969 through August 1970 





Sampling location 


7 


sample® 





UNITED STATEs: 


Minn: 


Humboldt 


Mendocino 
Sacramento 
San Diego 
Santa Clara 


CO 


South Central 


OS 
OS eee 


Hartforde 


Wilmington¢e 
Washington® 


Tampa Bay area 
Southeast 


Indianapolis* 


Northeast-_------- cnngniieiie ued 
ETE TT nated 


| 


Northwest 
Des Moines® 
Iowa City 


Des Moines----------- 


Spencer 
redericksburg 
Wichita‘ 
Coffeyville 
Dodge City 
Falls City 
Hays 
Kansas City 


New Orleans* 
Portlande 


Grand Rapids¢ 
Bay City 
Charlevoix 


Marquette 


pO Se ee 


South Haven 
Minneapolis® 


Worthington 
Minneapolis 
Fergus 
Little Falls 


See footnotes at end of table. 
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PON tt tt eR UW UDR VUUUUUUUUUUUUUUU'T 


Strontium-90 


Radionuctide concentration 
(pCi/liter) 





Iodine-131 


Cesium-137 





Monthly 
average> 


Z 
a> 


_ 


Z 


_,, 
FPOnDwnwwnurnAarOoes 


_ | sf 
a 
o 


SRO bo Ot 


w 


Z 


ts 
DP ee ON Or sIK 








12-month 
average 


_ 


- 
CIWWNNWWN ANON We Um 





Monthly 
average> 


AZZZZZZZZ Z 
COOCOOCR PE Sr rrr roD 


NS 
(©)0 (5) 
0 





12-month 
average 


coocoececececocecececocoo 





Monthly 
average> 


— 
Ccooeaoconoa 


o 
= 


e 
Sooooceo 





12-month 
average 


t 


COP WON RK WWONAWOOCONOSS 


Z 
Bo 


oe _ 


Z 
PNWOCOCHCONHKDUAOnanowmaore 





UNITED STATES 


N.C: 


N. Dak: 


Ohio: 


Okla: 


Ww ath: 


W. Va: 
Wise: 
Wyo: 


Table 4. Concentration of radionuclides in milk for August 1970 and 12-month period, 
September 1969 through August 1970—Continued 





Sampling location 


Continued 


Jackson¢ 
Kansas City¢ 
CO EEE 


Omaha?_.- 

Las Vegas*_ 
Manchestere- 
Trenton°_- 
Albuquerque’ --_- 
Buffaloe___ ; 
New York C itye 
Syracuse® 


Massena - -- 
Newburg.-.--- - 

New York C ity. 
Syracuse - - - - 
Charlottes. __- 
Minote__--- 
Cincinnati¢ 
Cleveland __ ----- 
Oklahoma C ity’. dl 
Oklahoma C ~- a 
aa an 
: ae is 
Lawton 


Baker _ - ---- 

Coos Bay - - 
Eugene - -__-- A 
Medford - 

Portland composite 
Portland local 
Redmond 


Philadelphiae 
om 


Philadelphia. 

Pittsburgh _ - 

Providence® 

Charleston¢--_-_---- 

Rapid City*_-_ 

Chattanooga‘ 

0 ke 
Chattanooga 


Knoxville _ - - - 
Nashville _ 
Fayettev ille- 


Amarillo _ --- 
Corpus Christi 
El 

Fort Worth- 
Harlingen 
Houston 


Salt Lake City* 
Burlingtone 
Norfolke 
Seattle 
Spokanee 
Benton County 
Franklin County 
Sandpoint, Idaho 
Skagit County 
Charleston 
Milwaukee* 
Laramie® 


See footnotes at end of table. 
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Type 


0 
sample® 


wuwuvuvu Uv 'U'U'U UU 


— 
U 


roo UU UU UU UU UU UU UUUUUUUUUU UU UU 


Radionuclide concentration 
(pCi/liter) 





Strontium-90 


Iodine-131 


Cesium-137 





Monthly 
average> 


12-month 
average 





Monthly 
average> 


12-month 
average 


Monthly 
average> 


12-month 
average 








_ 
G1 00 GO bo 


ZZZZAZALZZZz 
COP POPE rrr rr Pre 
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ZZ 
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— at et 
——— 
c= 


DANS > > > Sato 
Om oo 0O NI 
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Table 4. Concentration of radionuclides in milk for August 1970 and 12-month period, 
September 1969 through August 1970—Continued 





Radionuclide concentration 
(pCi/liter) 


: : Type typ Fee ae 
Sampling location of Strontium-90 | 


sample* 


Iodine-131 Cesium-137 


CANADA 


Monthly 12-month Monthly 12-month | Monthly 12-month 
average> average average> average average> average 


Alberta: Calgary --- 
Edmonton _ - - 
British Columbia: Vancouver - - 
Manitoba: ~ Winnipeg So 
New Brunswick: Frederickton 
Newfoundland: St. Johns__- 
Nova Scotia: Halifax ___- 
Ontario: . , aes 
Sault Ste. Marie 
Thunder Bay __- 
Toronto __ 


Quebec: 


Saskatchewan: 


ZALZALZAZZZZZAZZZZZZ 
al al eal aa al al 


Saskatoon ----_- -- 


CENTRAL AND SOUTH AMERICA: 





Colombia: Bogota 

Chile: Santiago ___ 

Ecuador: TI. A ILE TIE AE: 
Jamaica: Mandeville------------ 
Venezuela: Caracas ___--- 

Canal Zone: Cristobale __ 

Puerto Rico: San Juane___-- 














PMN Network average! _ 











«P, pasteurized milk; R, raw milk. 
> When an individual sampling result was equal to or less thaa the practical reporting level, a value of ‘‘0’’ was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than 
= practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in paren- 
theses. - 
¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 Radionuclide analysis not routinely performed. 
¢ The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or 
less than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter Cesium-137: Colorado—25 pCi/liter 
Michigan—14 pCi/liter New York—20 pCi/liter 
Oregon—15 pCi/liter Oregon—15 pCi/liter 
f This entry gives the average radionuclide concentrations for the PHS Pasteurized Milk Network stations denoted by footnote ©. 
* Monthly samples were collected and composited for quarterly analysis of strontium-90. 
NA, no analysis. 
NS, no sample collected. 


Strontium-90: New York—3 pCi/liter 


Table 5. Strontium-89 in milk, August 1970 


of August 1970, and the highest 12-month average 
Pinata was 19 pCi/liter (Del Norte, Calif.) representing 
Sampling location concentration 9.5 percent of the Federal Radiation Council 
radiation protection guide (table 2). Cesium-137 
Calit: Del Norte (State) .......-.--------+---- : monthly averages ranged from 0 to 104 pCi/liter 
N-¥-: Massena (State) ———2202202022020020200. | 5 in the United States for the month of August 197 0, 
Knoxville (State) _.____- and the highest 12-month average was 73 pCi/liter 
OO eee eee . 
Fayetteville (State) (Southeast Fla.) representing 2.0 percent of the 
Colombia: Bogota (PAHO) ° ° ° 
Chile: Santiago (PAHO) value presented in this report using the recom- 
mendations given in the Federal Radiation Council 
of particular public health interest. In general, reports. Of particular interest are the consistently 
the practical reporting level for iodine-131 is higher cesium-137 levels that have been observed 
numerically equal to the upper value of Range I __ in Florida (12) and Jamaica. Iodine-131 results for 
(10 pCi/liter) of the FRC radiation protection individual samples were all below the practical 
guide. reporting levels with the following exceptions: 
Strontium-90 monthly averages ranged from 0 Colo., Northwest (State) 37 pCi/liter and S.C., 
to 19 pCi/liter in the United States for the month Charleston (PMN) 11 pCi/liter. 
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Figure 2. 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates, along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in 
foods and diet. 


Program 


Period reported 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intake of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows. 


Issue 





California Diet Study 


Institutional Diet Samples 
Strontium-90 in Tri-City 
Diets, HASL 


1. Estimated Daily Intake of Radionuclides 
in Connecticut Standard Diet, 
July-December 1969 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been analyzing a standard diet on a monthly 
basis since March 1963. Analyses are made for 
strontium-89, strontium-90, and gamma-ray emit- 
ters. 

The standard diet was selected to represent 
the food intake of an 18-year-old boy for 1 day 
(table 1). The total weight, of the complete 
blended diet, averaging 3 kilograms, included 
milk and dairy products. When raw fruit or vege- 
tables were sampled, they were washed before 
blending. 

Cesium-137 concentrations were determined by 


Table 1. Foods included in standard diet 


Bread, white—8 slices 

Butter— stick 

Carrots, scraped—% cup 

Celery, washed and trimmed—3 stalks 
Cookies, 4 


Ice cream—}4 pint 

Lettuce, washed—4-5 leaves 
| Milk—3 cups 
| Oatmeal—uncooked—43 grams 
| Orange—1 
Cottage cheese—2 /3 cup | Peanut butter—2 4 tablespoons 
Cupcakes, 2 | Pears, canned—2 halves with 
Egg, 1 | juice 
Green beans, washed—'4 cup | Potatoes, washed, not peeled—2 
Ham, 85 grams Sugar—5 tablespoons 
Hamburger, 227 grams Tomato juice—113 grams 
Tuna fish, drained—43 grams 





June—December 1969 


April—December 1969 and 
January—June 1970 
January-March 1970 


November 1970 
November 1970 


June 1970 


gamma-ray spectrometry (1). Strontium-89 and 
strontium-90 concentrations were determined by 
chemical separation techniques (1). 

Table 2 presents the analytical results for the 
Connecticut standard diet for July-December 
1969. Results representative of the total daily 
intake for the radionuclides observed are pre- 
sented in table 3. 


Table 2. 


Radionuclide concentrations in Connecticut 


standard diet*, July-December 1969 


Puen | 


| 
| Potassium | Strontium-90 
(g/kg) (pCi/kg) 





Cesium-137 
(pCi/kg) 


Month (1969) 





September 
October 


NIAZNMZ&O 
NS Pe Pan 





« All strontium-89 values were <3 for this period. 
NA, no analysis. 


In order to evaluate general trends, the stron- 
tium-90 and cesium-137 daily intakes are plotted 
as a function of time in figures 1 and 2. 
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Table 3. Daily radionuclide intakes in Connecticut REFERENCE 
iet,* July—D 1 
eneantniieanandinnndineasnmenplbnaed (1) CONNECTICUT STATE DEPARTMENT OF 
HEALTH. Estimated daily intake of radionuclides in 
Month (1969) Potassium | Strontium-90 | Cesium-137 Connecticut standard diet, March 1963—December 1964. 
(g/day) | (pCi/day) | (pCi/day) Radiol Health Data 6:381-382 (July 1965). 








40 


September 
October-- 
November... aes Recent coverage in Radiological Health Data and Repovts: 


Period Issue 


® All strontium-89 val <3 for this period. 
TA. oe pom eer i tae January-June 1969 February 1970 


NZZOZSO 
CF roar ep 

















3 8 


90sr Intake ( pCi/day) 
> 
ts) 


Av ee /\ | 


OU CUROWUGWH CVE QUUEWS (WE CUTOWOETUOWT EVE CWRETHOUSGUREVORUD OT? CURETORTT ONT CORTE ONT TT 
1963 | 1964 | 1965 1966 1967 1968 ~=| (1969 


LEGEND: 
---- Dato not available 














Figure 1. Strontium-90 intake in Connecticut standard diet 
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Figure 2. Cesium-137 intake in Connecticut standard diet 
1963—December 1969 


December 1970 








SECTION II. WATER 


The Public Health Service, the Federal Water 
Quality Administration and other Federal, State, 
and local agencies operate extensive water quality 
sampling and analysis programs for surface, 
ground, and treated water. Most of these pro- 
grams include determinations of gross beta and 
gross alpha radioactivity and specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health impor- 
tance of radioactivity levels in water can be ob- 
tained by comparison of the observed values with 
the Public Health Service Drinking Water Stand- 
ards (1). These standards, based on consideration 
of Federal Radiation Council (FRC) recommenda- 
tions (2-4), set the limits for approval of a drink- 
ing water supply containing radium-226 and 
strontium-90 as 3 pCi/liter and 10 pCi/liter, 
respectively. Limits may be set higher if the total 


Water sampling program 





intake of radioactivity from all sources remains 
within the guides recommended by FRC for con- 
trol action. In the known absence! of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a num- 
ber of Federal and State programs are published 
periodically to show current and long-range 
trends. Water sampling activities recently re- 
ported in Radiological Health Data and Reports 
are listed below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for uni- 
dentified alpha-particle emitters and strontium-90, re- 
spectively. 


Period reported Issue 





California 


Minnesota 
New York 
Kansas 

North Carolina 


Radiostrontium in Tap Water, 


HASL 
Tritium in Surface Water 
Washington 


REFERENCES 


July-December 1968 
January-June 1969 
January-June 1969 
January—December 1969 
January—December 1967 
January—December 1969 


January—June 1970 
July 1967—June 1968 


August 1970 
January 1970 
June 1970 
September 1970 
May 1969 

July 1970 


November 1970 
June 1969 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402 (March 1963). 

(2) FEDERAL RADIATION COUNCIL. Radiation Pro- 
tection Guidence for Federal Agencies, Memorandum for 
the President, September 1961. Reprint from the Federal 
Register of September 26, 1961. 
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Standards, Report No. 1. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (September 1961). 
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INTERSTATE CARRIER DRINKING WATER ANALYSIS PROGRAM, 


1967-1969 


Bureau of Water Hygiene and Bureau of Radiological Health 


U.S. Public Health Service 


The routine surveillance of finished drinking 
water from public drinking water supplies has 


been a project of the Public Health Service’s : 


Bureau of Water Hygiene! since 1960, in partial 
fulfillment of the requirements as set forth in 
Subpart J of the Interstate Quarantine Regula- 
tion (1) most commonly referred to as the Public 
Health Service Drinking Water Standards. The 
basic network for this activity is approximately 
665 water supplies (serving over half of the U.S. 
population with access to public water systems) 
which provide water for use by interstate carriers. 
Laboratory support is provided by the North- 
eastern, Southeastern, and Southwestern Radio- 
logical Health Laboratories of the Bureau of 
Radiological Health. For the most part, samples 
were composited over a 14-day period, taking 90 
milliliters three times during the operating day; 
however, as indicated in table 1, many samples 
were aiso taken as a single grab sample. In many 
cases where a water system receives raw water 
from more than one source, the finished drinking 
water derived from each source has been examined. 

The drinking water standards for radionuclides 
are conservative in their requirements, so that 


1 Formerly the Water Supply and Sea Resources Program, 
National Center for Urban and Industrial Health. 
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the total intake of these radionuclides from all 
sources is not likely to result in an intake greater 
than the guidance levels given by the Federal 
Radiation Council (2) 

The standards provide for the approval of water 
supplies, based on their radionuclide content, 
when the water does not contain more than 3 
pCi/liter of radium-226 or 10 pCi/liter of stron- 
tium-90. In the absence of strontium-90, and in 
the absence of alpha emitters, the water supply is 
acceptable when the gross beta concentration 
does not exceed 1,000 pCi/liter. 

However, a water supply may be approved 
when the limits prescribed above are exceeded if it 
can be demonstrated by surveillance that the 
total intake of radioactivity from all sources is 
within the guidance for control action recom- 
mended by the Federal Radiation Council. When 
mixtures of radionuclides are present, the relative 
contribution of each radionuclide to the total in- 
take of the individual should be considered when 
evaluating the exposure. 

Table 1 provides the results of the radiological 
analyses and table 2 is a summary of the results. 
It should be noted that the interstate carrier 
water samples for March through October 1969 
were collected in conjunction with the Bureau of 
Water Hygiene’s Community Water Supply 
Study. 
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Table 1. 


Radiological analyses of Interstate Carrier water supplies, 1967—1969* 





Sampling location 


| 


Sampling periods 





Ky: 


Mobile_ 
Meshagaeny 

(N Court Street) 
Montgomery 

(Day Street) 
Montgomery 

(Perry Plant) 
Prichard 
Sheffeld___- 
Anchorage 
Fairbanks 

(Treatment Plant) 
Fairbanks 

(Sally’s Catering) 
Fairbanks 

(International airport) 
Juneau 

(Airport facility) 
Juneau 


Little Rock 


Come ° Rock Water works) 


Little R 


San Bernardino 
(7th Street plant) 
San Bernardino 


Wilmington 
a County 


(Utilities Co, Plant) 
Panama Cit, 
Pensacola 

Port St. Joe 


Harrisburg 
Hartford 


Orland Park 
Rock Island 


Covington 
Winston Park 


See footnote at end of table. 
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5/3/67 
10/28/68 
8/21-9/4/67 
4/29/68 
4/29/68 
4/30-5/15/68 
8/22-9/5/67 
5/3/67 


9/19/67 
9/27 /67 


9/27 /67 
9/27 /67 
9/27 /67 
9/29/67 
10/2/67 


10/1/68 
10/1/68 
9/25/68 


4/14/69 
4/15-4/28 /69 
4/9/69 


6/22- —7 /6 /67 
2/3/69 


2/6/69 
2/15-2/19/69 


10/1-10/2/68 
3/7/68 


10/14/68 
10/5-10/29 /68 
10/9/68 
9/26/67 
3/15-3/16/67 
3/15-3/16/67 


3/4- 3 /28 /67 


3/5-3/19/69 
3/6-3/19/69 


Total 
radium 
(pCi /liter) 


Radium-226 |Strontium-90 
(pCi/liter) (pCi/liter) 


Gross 


liter) 


alpha ate 
(pCi/ 


‘ 


Toss 
beta radioactivity 
(pCi/liter) 





| | 
| Dissolved | Suspended | Dissolved |Suspended 














ooocmUCcOlhUOlO 


oOo wowsto co cocoo coco co eo NOS 


_ 
cococoosooos cococeoceoceso oO co Se SSeoeor 


a 


coocoowoooann 




















(total) 
(total) 
(total) 
(total) 
| 
“— 


(total) 
(total) 
(total) 
(total) 
— 
— 
(total) 
(total) 
(total) 





oooosco °eSoo 


cocooooooossooososooosscosso coocececess © oo ooo 





— 


CIWS WWOOROSCOORHRHWD OC HW SOS SCOVSOF BF WABRWOS W 


on 
Coben 


ooclUcwrmlC OOO 


C2wcwn oc *&} *» *& ODW 


SOSCHOAWOBNK Wer 





(total) 
(total) 
(total) 
(total) 


| 
i We 
(total) 
(total) 
(total) 
(total) 
(tota!) 


| 
om“ 
(total) 
(total) 
(total) 





ooococvUcemlhUOlO 


oocoese ooo 


coocooocoosoooocoerwoooesss esccoscooooo oeocoesc ooo 





Table 1. 


Radiological analyses of Interstate Carrier water supplies, 1967-1969—Continued 





Sampling location 





Mich: 


Mo: 


Mont: 


N. Mex: 


New Orleans 
New Orleans 
Westwego 
Cambridge 
(Magothy aquifer) 
Cambridge 
(Piney Point aquifer) 
Piney Point 
Sparrow Point - -_- 
Williamsport ___- 
Calumet 
Channing 
De troit 


Holland 


a err o 


Kent County 
Muskegon 
St. Joseph 
Wyoming 
Gulfport 

(30th Avenue well) 
Gulfport 

(West pier) 
Greenville 


Pascagoula 
Pascagoula 
(Bayou Cosotte) 
Pascagoula - _ _- 
Pascagoula - 


(Jackson Co. Port | Authority) : 


Pascagoula 
(Bayou C osotte-Standard Oil) — 
Pascagoula 
(Bayou Cosotte- Coastal 
Chemical) 
Pascagoula _ ; 
(Ingalls Shipyard) 
East St. Louis 
Kansas City 


(Moulton supply) 
Atlantic City 
Camden 
Hoboken 
Jersey City 
Trenton 
Albuquerque 

(Vol Andia well field 204) 
Albuquerque 

(Love well field 205) 
Albuquerque. __ 

(San Jose well field 206) 


I cai ccenioenssinierh errs a 


(Burton booster station 207) 
Albuquerque 

(Atrisco booster station) 
Albuquerque 

(Griegos booster station 209) — 
Albuquerque 

(Daranas booster station 210) 


(North Castle) 
New York 
(Gramsville) 
New Yor 
(Croton watershed) 
New York 
(Croton watershed) 


See footnote at end of table, 
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Sampling periods 


6/19-7 /2/69 

6/16-6 /29-69 
6/23/69 

6 /20-7 /3/69 

6 /23-7 /6/69 

6/19-7 /2/69 

6/17-6/30/69 
11/4/69 


11/4/69 
11/3/69 
11/6/69 


3/12-4/3 /68 
8/31- -9/13/68 


6 /29-7 /12 /67 
9/23-10/7 /68 
7 /6-7 /25 /67 
6/27-7 /11 /67 
9/3-9/16/68 
6 /28-7 /11/67 
12/6/67 

12/7 /67 

12/7 /67 
3/25/68 

3/27 /68 
4/15/68 
3/26/68 
3/28/67 
3/28/67 


3/29/67 
3/29/67 


3/30/67 
3/30/67 


3/31/67 

7 /7-7 /21 /67 
6/12-6/25/69 
5/27 /68 
9/25/68 
9/25/68 

9/25 /68 

12 /8-12 /22 /67 
2/19/69 
6/6/68 
9/6/68 
2/26/68 
7/8/68 
7/8/68 
7/10/68 
7/8/68 
7/10/68 
7/9/68 
7/9/68 
5/27/69 
7/29/69 
7/29-8/12/69 
6 /26-7 /9 /69 
6/26-7 /9/69 
6/23-7 /7 /69 
7/15-7 /29/69 
7/16-7 /30/69 











Total 
radium 


(pCi/liter) 
(pCi /liter) 


| 


Radium-226 


(pCi /liter) 


Strontium-90 


Gross 


alpha radioactivity 
(pCi /liter) 


Gross 
beta radioactivity 
(pCi/liter) 





Dissolved 


Suspended 


Dissolved |Suspended 














(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
(total) 


ooecesc ccoecesso co cococeocosecsessss Co oosesssseo 





(total) 
(total) 
(total) 


| 
oo“ 
(total) 


0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 an a 
0 (total) 
0 (total) 
0 (total) 
5 (total) 
3 

3 

0 

0 

0 

0 

0 

0 

0 


(total) 
Coed 
(total) 
(total) 
(total) 
(total) 


| 
(total) 
a 
(total) 


0 (total) 





ooece ecescseos co coscoecececcsesosso oc © 


i) 





6 (total) 


mw CNHNIOCHHO OC CHwWROCOCOOWUONAN NI * 


nw 
ooeocseo escscosooso co coooececesocesooso oc © 


w 





(total) 
(total) 
es 
(total) 


(total) 


(total) 
(total) 


(total) 


» © & MOROCCO OC OC COKWOW OH 


(total) 


_ 
_ 


God 
— 
(total) 


(total) 
(total) 
(total) 
(total) 


(total 
0 (total) 
4 (total) 
3 (total) 
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Table 1. 


Radiological analyses of Interstate Carrier water supplies, 1967—-1969—Continued 





Sampling location 





N.Y. (continued) 


New Y 
(Croton Lake Gate house) 
New York 
(Ashokan Reservoir) 
New York 
(Catskill Aqueduct, 
Pleasantville) 
Peekskill 


(Airport) 
Cincinnati 
a 


F airport Harbor 
Marietta 


Williamsport 
Abbeville 


Charleston. ____- 
Columbia 


i ae City 
(Springs) 
Johnson City 
(Finished water) 
Johnson 
(Gray Station wells) 
Kingsport 
Knoxville 
Nashville 
Amarillo 
Amarillo 


(37th St. purification plant) 
Portsmouth 
Charleston 


Milwaukee----.....---- ee 
New Lisbon. - ------- I 
Superior 





Sampling periods 


7/15-7 /28/69 
6/23-7 /7 /69 
6/26-7 /9/69 


5 /23-6/5/69 
9/8/69 


hag _— 
10/22/68 
7/9-7 /22 /69 


10/10-10/31/68 
5 /4-5/17 /67 
10/8-10/22 /68 


3/3-3/16/69 
5/8/67 


5/8/6 
3/15-3 /29 /67 
5/10-5 /23 /67 
11/13-11/27 /68 
3/8-3 /22 /67 
11/14-11/28/68 
3/7-3/21/67 
3/10/67 
10/8-10/21/68 
6/11/67 
10/9/68 
10/21/68 


9/5- 9/7/68 
/3/69 

3/33/18/68 

8/6/68 

2/20/68 

} 1 o_- 


9/13/67 
5/27/68 


5/27/68 
5/27 /68 
10 3-10/16/67 


4/9-4/22/68 
1/1-1/15/69 


8/68 
7 /8-7 /22/69 
10/28-11/12/68 


10/29-11/13/68 
11/5-11/19/68 


5/17-5/31/67 





Total 
radium 


(pCi/liter) 








Radium-226 
(pCi /titer) 


Strontium-90 


Gross 
alpha radioactivity 
(pCi /liter) 


pCi /liter) 


Gross 
beta radioactivity 
(pCi/liter) 





Dissolved | Suspended 














0 (total) 
| 

0 (total) 
| 

(total) 


(total) 
(total) 


ecocococececo cooce coco 


ooe ecoosoooscooooowooooscooc\|c|sS ecoococecececo 


ooo ecoecoe oececeo 





oo 


(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
— 
(total) 


co cooowoooooo 


cooooco ©& 








Dissolved 











0 (total) 


(total) 


So 


(total) 


(total) 
(total) 


So CONOCOUWOOCOwWFrWO 
ecoooo oooo 


_ 


w 
SC COC OC CBKWWUNSCOCOCUSCOHHH WHOKWOOSOHNS 


cownooooceo 


(tot, 
(tot 
(tot 


= 


ooo ecoosco cecooooeo 





oo 


(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
(total) 
| 
(total) 


- 
ar UMNWwantovoooce 


eBoocooFf & 








Suspended 


* The minimum detectable radioactivity is 2 pCi/liter for strontium-90, alpha, and beta radioactivity; 0.1 pCi/liter for radium-226; and 1,0 pCi/liter 
for total radium. All values equal to or less than the minimum detectable radioactivity are reported as zero, 
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Table 2. 


Interstate carrier drinking water analysis 
program, 1967-1969 summary 


| | Concentration* 
| Number of | 
Radioactivity } 


(pCi/liter) 
samples | 


| Average | Range 
| | 


Total radium 
Radium-226___ 
Strontium-90___ 
Gross alpha: 
Dissolved _ 
Suspended _ ____-_--- 
Total sample 
Gross beta: 
or e 
Suspended 
Total sample 


«® The minimum detectable radioactivity is 2 pCi/liter for strontium-90, 
alpha, and beta radioactivity; 0.1 pCi/liter for radium-226; and 1.0 pCi/ 
liter for total radium, All values equal to or less than the minimum detect- 
able radioactivity are reported as zero, 


REFERENCES 


(1) DEPARTMENT OF HEALTH, EDUCATION, 
AND WELFARE, PUBLIC HEALTH SERVICE. 
Federal Register Rules and Regulations, Title 42, Public 
Health Chapter 1, Part 72, Interstate Quarantine, Sub- 
part J, Drinking Water Standards: 2154-2155 (March 6, 
1962). 


(2) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (September 1961). 


Other coverage in Radiological Health Data and Reports: 
Period 
1961-1966 


Issue 
August 1968 





Tritium in Community Water Supplies, 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


During 1969, a comprehensive survey of the 
quality of community water supplies in selected 
areas of the United States was conducted by the 
Bureau of Water Hygiene. Some of the water 
samples collected were sent to Bureau of Radio- 
logical Health laboratories for analysis of the 
radioactivity content, including tritium. Table 1 
gives the results of tritium analyses as performed 
by the Northeastern, Southeastern, and South- 
western Radiological Health Laboratories. 

The samples were collected by the grab sam- 
pling method on the date shown except where a 
range of dates indicates a composite of samples 
collected over that period of time. Due to the 
varying sensitivity of procedures used by the three 
laboratories, the minimum detectable concentra- 
tion varies. Analytical values which are not sta- 
tistically significant at the 2-sigma confidence 
level are reported as less than (<) a value corre- 
sponding to the approximate limit of detectability. 

The significance of the concentrations of tritium 
observed in community water supplies may be 
evaluated using a relationship derived by Mog- 
hissi and Porter (1) from recommendations of the 
International Commission on Radiological Units 
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and Measurements. This relationship says that a 
dose equivalent of 0.17 mrem/a results from a 
tritium concentration in the body of 1 nCi/liter 
of water. Assuming that the concentration of tri- 
tium in all water taken into the body is equal to 
that found in the water supply, and that the spe- 
cific activity of tritium in the body is essentially 
the same as that in the water supply, the radia- 
tion dose to the public may be estimated. 

The highest concentration of tritium observed 
in the water supplies analyzed was 2.7 nCi/liter, 
corresponding to a dose of 0.47 mrem/a, or less 
than 0.3 percent of the Federal Radiation 
Council Radiation Protection Guide (RPG) of 170 
mrem/a. The majority of water supplies analyzed 
had less than 1 nCi/liter of tritium, corresponding 
to a dose of less than 0.17 mrem/a or less than 0.1 
percent of the RPG. 


REFERENCE 
(1) MOGHISSI, A. A. and C. R. PORTER. Tritium in 


surface waters in the United States, 1966. Radiol Health 
Data Rep 9:337-339 (1968). 
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Table 1. 


Tritium in community water supplies, 1969 





Location 


Date collected 
(1969) 


Sampled from 


Type water 


Source 





Calif: 
Adelanto 
Apple Valley 
Apple Valley 
Apple Valley 


East Highlands. ---- --- 
Hesperia 


| TLE ESSE SIP SI : 


La Sierra 

La Sierra 

La Sierra 

Loma Linda 

Lucerne Valley 

Lucerne Valley 
Erie 
Parker Dam 


San Bernardino 
San Bernardino 
San Bernardino 
San Bernardino 
Victorville 
Victorville 


Colo: 


Pueblo 


Conn: : 
Greenwich 


Ga: 
ERE Peres, 2: Sea 
Taylorsville» 
Sale City> 
Cartersville» 


Ind: 
Lawrenceburg 


Kans: 
Gardner 


La: 
Gretna 
in mats tsciniges Soak erin asian 
Chalmette 
Westwego 


fo: 
Cleveland 
Harrisonville 
Kansas City 


EE ST 2° i ST SEER } 


aa itacurhatds dubiacandse nape aia met 
Ps oi cach anvdcnninae Tab idd iain oat 


N.Y: 


Blauvelt 

Brentwood 

Calverton 

Camp Ramaquois (Pomona) 
Cove Nec 

Garnerville 

Goldens Bridge 

Huntington 


Massapequa 
Massapequa 


See footnote at end of table. 
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6/17 
6/4-6/17 


6/16-6/29 
6/20 


6/19-7/2 
6/17-6/30 


6/5-6/18 
6/5-6/19 
6/12-6/25 
6/6-6/20 
6/5-6/19 
6/13-6/26 


7/14-7/28/69 
5/2/69 
8/4/69 
8/22/69 
7/10/69 


8/28/69 








Reservoir 
ell 

Well 

Dist. system 


. system 
. system 


. system 
1 


Reservoir 
e 
Well 


Treatment plant 
Treatment plant 
Well 


Treatment plant 


Well 
Well 
Well 
Well 


Treatment plant 


Treatment plant 
Treatment plant 
Treatment plant 
Treatment plant 


Treatment plant 
eservoir 

Treatment plant 

Treatment plant 


Treatment plant 
Treatment plant 
Treatment plant 
Treatment plant 
Treatment plant 
Treatment plant 


Treatment plant 
Well 


Dist. system 
Treatment plant 
Well 

Treatment plant 
Dist. system 
Dist. system 
Dist. system 











Finished 


Finished 
Finished 
aw 
Finished 
Finished 
Finished 
Finished 
Raw 
Finished 


| Finished 
| Finished 
| Finished 
| Finished 


Finished 
Finished 


| Finished 


Finished 


Raw 
Finished 
aw 


| Raw 


Finished 


| Finished 


Finished 


Finished 


Raw 
Raw 
Raw 
Raw 


Finished 


Finished 
Finished 
Finished 


| Finished 


Finished 
Finished 
Finished 
Finished 


Finished 
Finished 
Finished 
Finished 
Finished 
Finished 


Finished 
Raw 
Raw 
Finished 
aw 
Raw 
Finished 
Finished 


aw 
Partly treated 
Raw 


Finished 
Raw 
Raw 
Raw 


Ground 
| Ground 
| Ground 

Ground 

Ground 

Ground 
| Ground 

Ground 

Ground 

Ground 

Other 

Ground 

Ground 

Ground 
| Ground 
| Ground 

Ground 

Ground 

Ground 
| Ground 

Ground 

Ground 

Ground 

Ground 

Ground 
| Ground 

Ground 

Ground 
| Ground 

Ground 
| Ground 
| Ground 


Surface 
Surface 


Ground 
Surface 


Ground 
| Ground 
| Ground 

Ground 


Ground 


Surface 
Ground 
Surface 
Surface 


Surface 
| Ground 
| Surface 

Surface 


Surface 
| Surface 
Surface 
Surface 
Surface 
Surface 


| Ground 
| Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 





Tritium 
concentration 
(nCi/liter) 


j—) 
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Table 1. Tritium in community water supplies, 1969—Continued 





Date Collected Tritium 
(1969) Sampled from Type water Source concentration 
(nCi/liter) 


Location 


N.Y: (continued) 
Ocean Bay Park - - , ; 8/26/66 Treatment plant Finished Ground 
Ocean Beach--- : wwe a 8/28/69 | Well Other Ground 
Port Jefferson _- nieenckal 3/6 Treatment plant Finished Ground 
Sea Cliff - Well Raw Ground 
Seaview - Treatment plant Finished Ground 
Shenorock - - Treatment plant Finished Combined 
Sloatsburg -- Dist. system Finished Surface 
Sparkill_- Dist. system Finished Ground 
Spring Valley Well Other Ground 
Spring Valley _- ; E ¢ Dist. system Finished Combined 
Wading River_._.----- aaa 59 | Well Raw Ground 
Westbury ___....-.-- i : ee 7 39 | Treatment plant Finished Ground 
Williston Park - -- j Vell Raw Ground 





oo 


eonnre 
ase 4 


_ ION 
NUBOAMAM 


Ohio: 
Addyston--..--_---- Va fy Dist. system Finished Ground 
Lebanon 2 : SARE 2/28-3 Treatment plant Finished Ground 
Norwood ieee J ite i" 2/2 /13 | Dist. system Finished Ground 
Waynesville ------- : a oe 3/3-3/17 | Well Finished Ground 

S.C: 
Goose Creek - _ _ - ; i = ; 3/6 | Dist. system Finished Ground 
Edisto Beach - - - - - ere We ‘ R Dist. system Other Ground 
Edisto Beach Ms oe 7 : Well Other Ground 
Isle of Palms -_ ates . 3/ Dist. system Finished Ground 
Johns Island _ - - aleelaratibae % a 3/5 | Well Other Ground 

Vt: 
Ascutney - _ - --- eee » ee 9/% Dist. system Partly treated Combined 
Bellow Falls avian. ‘ ‘LV Dist. system Finished Surface 
Bennington Reservoir Finished Combined 
Cambridge Dist. system Finished Ground 
Canaan Dist. system Raw Ground 
Concord Dist. system Raw Ground 
De Treatment plant Finished Surface 
Eas Dist. system Finished Ground 

y Well Raw Ground 

Dist. system Finished Ground 

: wa / Reservoir Raw Ground 

Enosburg Falls _ _ - 2 Dist. system Finished Ground 

Essex Junction bbs 8 /: Treatment plant Finished Surface 

Fai Other Raw Surface 

Treatment plant Finished Surface 

Dist. system Finished Surface 

Hardwick / . . e Dist. system Finished Ground 
Huntington Center ‘eee. Se ee / Other Raw Surface 
Lunenburg. - - , a /% Dist. system Finished Ground 
Lyndonville ; Steet i | Dist. system Finished Surface 
Manchester Center _ _ - 5 | Dist. system Finished Surface 
aa RECS ae 9 Dist. system Other Ground 
Newport Lae Bers 9/ Other Partly treated Surface 
Northfield ee < enliee ‘ Well Finished Ground 
North Montpelier _ _ - sa as Dist. system Raw Ground 
North Pownal ‘ ite Dist. system Finished Surface 
Pittsford __ __ ; : /i Dist. system Other Ground 
Poultney - - - - : > aie /9 | Other Raw Combined 
Putney dnc a sate ee /2g Dist. system Finished Ground 
Randolph Center - _ - - ; Jae 1 2 Dist. system Finished Ground 
Readsboro is ; i fi Dist. system Raw Surface 
St. Johnsbury Center _ __ : ; Treatment plant Finished Surface 
St. Johnsbury Center _- vas eis 3 | Dist. system Finished Ground 
ES ep thebew cn : j Dist. system Finished Ground 
South Barre_ a baad Dist. system Finished Ground 
South Royalton en aan 25 —— oir ad pe 
Sustem....... 7 ies : 5 | Other aw yroun 
Thetford jsaenduaiee ite /' Other Finished Ground 
Waterbury we ae b Dist. system Finished Ground 
Waterbury Center _ _- 2 ini } Dist. system Finished Ground 
Winooski Zi Rene: Dist. system Finished Ground 

W. Va: 
Corton 
Decota 
Nitro__- 


“1 

= 

vu 
| 





COIN 


SRO ORCANASCAMONARANSCSCOOS: 


Treatment plant Finished Surface 
Treatment plant Finished Ground 
Treatment plant Finished Surface 
Pinch _ _ - Treatment plant Finished Surface 
Republic REE FEET kee 3/24 | Dist. system Finished Ground 
Sharon seueuat i : 3/20-4/3 | Treatment plant Finished Ground 
Sissonville SSE ESE 3/17-3/31 | Treatment plant Finished Surface 


























® Two-sigma error. 
> These samples were not part of this study, but were collected in a related survey on rural water. 
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SECTION Il. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission pro- 
duct radioactivity. To date, this surveillance has 
been confined chiefly to gross beta radioanalysis. 
Although such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 


Fallout in the United States and 
Other Areas, HASL 

Plutonium in Airborne Particu- 
lates and Precipitation, PHS 


December 1970 


Period 
January—June 1968 


April-December 1969 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexi- 
can Commission of Nuclear Energy, and the Pan 
American Health Organization. 

In addition to those programs presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Issue 
October 1969 


October 1970 





1. Radiation Alert Network 
August 1970 


National Air Pollution Control Administration 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 70 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State Health Department personnel. 

The station operators perform ‘“‘field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection, when most of the thoron daughter 


products have decayed. They also perform field 
estimates on dried precipitation samples and re- 
port all results to appropriate National Air Pollu- 
tion Control Administration officials by mail or 
telephone depending on levels found. A compila- 
tion of the daily field estimates is available upon 
request from the Data Acquisition and Analysis 
Branch, Division of Air Quality And Emission 
Data, NAPCA, Cincinnati, Ohio. A detailed de- 
scription of the sampling and analytical proced- 
dures was presented in the April 1968 issue of 
Radiological Health Data and Reports. 

Table 1 presents the monthly average gross beta 
radioactivity in surface air particulates and de- 
position by precipitation, as measured by the field 
estimate technique, during August 1970. Time pro- 
files of gross beta radioactivity in air for eight 
Radiation Alert Network stations are shown in 
figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, August 1970 





Air surveillance | Precipitation 
Pp 








Last | 
Gross beta radioactivity profile | | | 
Station location Number (pCi/m*) in Number Total |__ : 
of ae _______|d RHD&R of depth | 
samples | | samples samples Number Depth Total 
Maximum | Minimum | Average* (mm) ts) (mm) deposition 
| samples (nCi/m?) 


Field estimation of deposition 














Ala: Montgomery 
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® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
b No report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. c 

4 This station is part atin plutonium in precipitation network. No gross beta measurements are done. 

¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1964—-August 1970 
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2. Canadian Air and Precipitation Monitoring 
Program,' August 1970 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the Cana- 
dian Department of National Health and Welfare 
monitors surface air and precipitation in connec- 
tion with its Radioactive Fallout Study Program. 
Twenty-four collection stations are located at air- 
ports (figure 3), where the sampling equipment is 
operated by personnel from the Meteorological 
Services Branch of the Department of Transport. 
Detailed discussions of the sampling procedures, 
methods of analysis, and interpretation of results 
of the radioactive fallout program are contained in 
reports of the Department of National Health and 
Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 


1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 


Surface air and precipitation data for August 
1970 are presented in table 2. 


Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, August 1970 


— 
| | Air surveillance, gross 
beta radioactivity 
(pCi/m') 


Precipitation 
measurements 


_| 


| Average| Total 
| Mini- | concen- | deposi- 
| mum | Average| tration tion 
| | (pCi/ |(nCi/m?) 
liter) | 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
August 1970 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist PAHO- 
member countries in developing radiological 
health programs. 

The air sampling station locations are shown in 
figure 4. Analytical techniques were described in 
the January 1968 issue of Radiological Health 
Data and Reports. The August 1970 air monitoring 
results from the participating countries are given 
in table 3. 
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Vigure 4. Pan American Air Sampling Program 


stations 


Table 3. Summary of gross beta radioactivity in Pan 


American surface air, August 1970 





| Gross beta radioactivity 

| Number (pCi/m!) 
Station location | of 
samples 


Average* 


Maximum | Minimum 


Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


| 
| 
Buenos py 
La Paz 
Santiago--___- 
Bogota 

Cuenca... -.... 
Guayaquil____ 


Guyana 

Jamaica: 

Peru: 

Venezuela: Caracas__--- 
West Indies: Trinidad -_---_- 














Pan American summary_-- - 137 


« The monthly average is calculated by weighting the individual samples 
with length of sampling period. Reported values of less than 0.005 pCi/m* 
are considered as 0,00 pCi/m# in averaging. 

NS, no sample, 
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SECTION IV. OTHER DATA 


This section presents results from routine sam- 
pling of biological materials and other media not 
reported in the previous sections. Included here 





are such data as those obtained from human bone 
sampling, Alaskan surveillance, and environ- 
mental monitoring around nuclear facilities. 











Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring pro- 
grams where operations are of such a nature that 
plant environmental surveys are required. 

Releases of radioactive materials from AEC in- 
stallations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 





1. Mound Laboratory’ 
July-December 1969 


Monsanto Research Corporation 
Miamisburg, Ohio 


The environmental monitoring program for 
Mound Laboratory is planned and coordinated 
with all of the projects conducted at the labora- 
tory. Air and water monitoring in the uncontrolled 
environs surrounding the laboratory is specified 
for the radionuclides which could be released to 
the environment. Only polonium-210, plutonium- 
238, and hydrogen-3 (tritium) are potential en- 
vironmental contaminants. 


2 Summarized from “Environmental Monitoring Report: 
July-December 1969 and 1969 Summary” (MLM-1616). 


December 1970 


in directives published in the “AEC Manual.” ! 
Summaries of the environmental radioactivity 

data follow for Mound Laboratory, Savannah 

River Plant, and S1C Prototype Reactor Facility. 


1 Title 10, Code to Federal Regulations, Part 20, ‘“‘Stand- 
ards for Protection Against Radiation” contains essentially 
- standards published in Chapter 0524 of the AEC 

anual. 





Air monitoring 


Mobile air monitoring equipment, mounted on a 
l-ton panel truck, for measurement of tritium 
and collection of particulate alpha-particle emit- 
ters, was used in the routine monitoring of environ- 
mental air within a radius of 20 miles from the 
laboratory during the collection period. Since the 
sampling zone is dependent on the wind direction 
it is possible that air samples from all zones will 
not be collected during the reporting period. 

Airborne polonium and plutonium particulates 
are collected on filter paper with a high-volume air 
sampler. One-fourth of each filter paper is pro- 
cessed and analyzed for polonium. The remaining 
three-fourths of each filter paper is processed and 
analyzed for plutonium. 

Airborne tritium is monitored by bubbling air 
through a liquid scintillation counting solution 
with p-dioxane as the organic solvent. The count- 
ing solution is counted directly in a liquid spec- 
trometer. 





The results of the airborne monitoring program 
are presented in tables 1, 2, and 3. The average 
concentrations of plutonium, polonium, and tri- 
tium in the environment are below the AEC 
radiation protection standards. 


Table 1. Atmospheric monitoring of polonium-210 
Mound Laboratory environs, July-December 1969 





Concentration® 
(fCi/m%) 


Number of 


Average as per- 
samples 


cent of AEC 
standards» 


Range (miles) 
Maximum] Average 


0-3 (upwind) — 
0-3 (downwind) -_-_- 
3-5 (downwind)--- 
5-10 (downwind) __- 
10-15 (downwind) __- 
15-20 (downwind) --- 














® Lowest detectable level (LDL) for polonium-210 in air is 8.0 fCi/m* 
for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind. The LDL is 5.3 fCi/m for samples 
collected 0-3 miles downwind and 15-20 miles downwind, All values which 
were not detectable were set equal to these values when average values were 
calculated, 

b The applicable AEC radiation protection standard for polonium-210 in 
air is 20 pCi/m%, 


Table 2. Atmospheric monitoring of plutonium-238 
Mound Laboratory environs, July-December 1969 





. Concentration® | 
Number of (fCi/m*) 


Average as per- 
samples 


cent of AEC 
standards> 


Range (miles) | 





Maximum} Average | 





(downwind) ___ 
(downwind) ___ 
-10 (downwind) ___| 
5 | 
0 (downwind) ___ 


(upwind) | 





o 
|wNomwwns 
naeome 


19, 
12 


* Lowest detectable level (LDL) for plutonium-238 in air is 1.3 fCi/m* 
for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind, The LDL is 0.9 f{Ci/m* for samples 
collected 0-3 miles downwind and 15-20 miles downwind, All values which 
were not detectable were set equal to these values when average values were 
calculated, 

_ > The applicable AEC radiation protection standard for plutonium-238 
in air is 1 pCi/m', 


Table 3. Atmospheric monitoring of tritium, Mound 
Laboratory environs, July-December 1969 








3 ~~ Concentration® 
Number of (nCi/mé) 


Average as per- 
samples 


cent of AEC 
standards> 


Range (miles) 





Maximum | Average 





(upwind) ___- 

(downwir 4) ___ 

(downwinx)-__- 
5-10 (downwind) __-_ 
10-15 (downwind) ___ 
15-20 (downwind) __-_ 








ee et et 
— er Ob tO 





* Lowest detectable limit for tritium in air is 1.00 nCi/m?, All values 
which were not detectable were set equal to this value when average values 
were calculated. 


> The applicable AEC radiation protection standard for tritium in air is 
200 nCi/m, 


702 


Water monitoring 


Liquid radioactive waste materials from polo- 
nium and plutonium operations at the laboratory 
are processed separately to reduce the concen- 
trations of these radionuclides to a level at which 
they may be discharged to the environment. 
Treated polonium liquid waste is discharged to the 
Great Miami River via a closed sewer line which 
also carries the treated plant sewage. The treated 
plutonium waste is discharged to a drainage ditch 
which runs through the plant site and eventually 
reaches the river. 

Helium-3 being purified at the Mound Labora- 
tory contains small quantities of tritium. In addi- 
tion, tritium is recovered from various AEC 
tritium-contaminated wastes. Liquid waste gen- 
erated by these operations is treated (diluted with 
water when necessary) and discharged to the same 
drainage ditch as plutonium waste. Some tritium- 
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Figure 1. Water sampling locations, Mound 


Laboratory 
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Table 4. 


Offsite water monitoring for radioactivity, Mound Laboratory environs, 


July-December 1969 





Radionuclide and sampling locations* 


Polonium-210:¢ (pCi/liter) 
1 (Drainage ditch) ‘ 
2 (Upstream from laboratory) -- 
3 (Laboratory effluent) 
4 (250-yards downstream) -_ 
5 (Chautauqua Road Bridge) - 
6 (Chautauqua Dam)----- 
(Franklin, Ohio) 


7 ; J a7 
8 (Pond, opposite V.A. hospital, Dayton, Ohio, 8 


miles NE cf Mound Laboratory) 


9 (Pond, Possum Creek Reserve, Dayton, Ohio, 6 


miles NE of Mound Laboratory) _ _ 


Plutonium-238:¢ (pCi/liter) 
(Drainage ditch) --- ¥ 
(Upstream from laboratory) -- 
(Laboratory effluent) - ‘ 
(250-yards downstream) - - 
(Chautauqua Road Bridge) 
(Chautauqua Dam) -_--- 

7 (Franklin, Ohio) - 


8 (Pond, opposite V.A. Hospital, Dayton, Ohio, § 


miles NE of Mound Laboratory) ---_- 
9 (Pond, Possum Creek Reserve, Dayton, 
miles NE of Mound Laboratory) ---- 


Tritium (hydrogen-3) :° (wCi/liter) 
1 (Drainage ditch) cies aan 

(Upstream from Laboratory) - - 
(Laboratory effluent) 
(250-yards downstream) 
(Chautauqua Road Bridge) - - - 
(Chautaugua Dam) - -- 
(Franklin, Ohio) 


(Pond, opposite V.A. Hospital, Dayton, Ohio, 8 


miles NE of Mound Laboratory) ------- a 
(Pond, Possum Creek Reserve, Dayton, Ohio, 
miles NE of Mound Laboratory) - - - - fee 


® See figure 1 for number of sampling locations. 





; Concentration 
Number of 
samples 


| | 
| Maximum 


Average» 


2 
1. 
768 
na 
57. 


1.5 
1.§ 
3. 








» The applicable AEC radiation protection standards for uncontrolled areas are as follows: 


Polonium-210 in water: 
Plutonium-238 in water: 
Tritium in water: 


700 pCi/liter 
5 nCi/liter 
3 uCi/liter 


¢ Minimum detectable level for polonium-210 in water is 1.80 pCi/liter. 
Minimum detectable level for plutonium-238 in water is 4.5 pCi/liter. 
Minimum detectable level for tritium in water is 50 nCi/liter. 
All samples which were not detectable were set equal to their respective minimum detectable level when average 


values were calculated. 


contaminated liquid wastes are discharged to the 
same closed sewer line as polonium. 

Water samples are collected weekly from the 
Great Miami River, the drainage ditch, and two 
ponds northeast of Mound Laboratory (figure 1). 
The average concentrations of plutonium and 
tritium in water discharged to the environment 
were well below the AEC radiation protection 


December 1970 


standards. Average concentrations of tritium, 
polonium-210, and plutonium-238 are given in 
table 4 for July-December 1969. 


Recent coverage in Radiological Health Data and Reports: 
Period 


July-December 1969 
January—June 1969 


Issue 


December 1969 
June 1970 





2. Savannah River Plant’ 


July-December 1969 


E. I. duPont de Nemours 
Aiken, S.C. 


The Savannah River Plant (SRP), built and 
operated for the Atomic Energy Commission by 
E. I. du Pont de Nemours and Company, occupies 
an area of 312 square miles along the Savannah 
River, 22 miles downstream from Augusta, Ga. 
Production facilities include a fuel preparation 
area, three reactors, two fuel separation areas, and 
a heavy water production plant. A basic goal in 
plant operation is total containment of radioac- 
tive waste. Although some very low level gaseous 
and liquid wastes are discharged to the environ- 
ment in controlled releases, dispersal is adequate 
to ensure environmental concentrations below re- 
commended guides. 

A continuous monitoring program has been 
maintained since 1951 (before plant startup) to 
determine the concentrations of radioactive ma- 
terials in a 1,200 square mile area outside the 
plant. Included in this area are parts of Aiken, 
Barnwell, and Allendale Counties in South Caro- 
lina, and Richmond, Burke, and Screven Counties 
in Georgia. This surveillance determines the mag- 
nitude and origin of any radioactivity above 
natural levels. Measured concentrations of radio- 
nuclides in air, water, and milk are compared with 
the AEC radiation protection standards as given 
in the AEC Manual. 

Sensitive instruments, which can detect traces of 
radioactive materials far below concentrations of 
hazard significance, are used to determine radio- 
activity in the environs. Plant-released radioac- 
tivity and atmospheric fallout are included in the 
reported concentrations. Maximum and minimum 
values given are for individual samples collected 
during the report period. 


Atmospheric monitoring 


Concentrations of radioactive materials in the 
atmosphere were measured by biweekly analyses 


3 Summarized from “Effect of the Savannah River Plant 
on Environmental Radioactivity, Semiannual Report, 
July-December 1969 (DPST-10-30-1). 
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of air filters collected at five monitoring stations 
near the plant perimeter and 10 stations around a 
circle of about a 25-mile radiusfrom the center of 
the plant (figure 2). Deposition rates of radio- 
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Figure 2. Environmental sampling locations 


Savannah River Plant 


active material at each station were also deter- 
mined by monthly analyses of rainwater ion 
exchange columns (fallout collectors). The moni- 
toring stations are spaced so that a significant 
release of airborne radioactivity by SRP would be 
detected regardless of the prevailing wind. All 
stations operate continuously. Four additional air 
monitoring stations at Savannah and Macon, Ga., 
and at Columbia and Greenville, S.C., are so dis- 
tant from SRP that the effect of SRP operations 
is negligible; they serve as reference points for 
determining background radioactivity levels (fig- 
ure 3). This system permits comprehensive sur- 
veillance of atmospheric radioactivity and also 
makes it possible to differentiate between fallout 
and SRP releases. 

The small amount of filterable beta radioac- 
tivity released to the atmosphere, primarily from 
the fuel separation areas, was obscured by fallout. 
The influence of nuclear tests, which resumed in 
September 1961, is shown in figure 4. The present 
low levels of atmospheric activity are attributed to 
the moratorium on above-ground nuclear tests. 
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Figure 3. Distant air monitoring stations 
Savannah River Plant 


The observed spring increases are anticipated and 
result primarily from the mixing of the strato- 
spheric debris into the troposphere. The average 
beta concentration in air (0.15 pCi/m*) was about 
the same as the previous 6 months and was two- 


fold higher than the same period of 1968. Gamma- 
emitting radionuclides in fallout were cesium- 
134-137, cerium-141-144, ruthenium-103-106, and 
zirconium-niobium-95. 

Short radioactive half-life barium-lanthanum- 
140, neptunium-239, and iodine-131 in routine air 
samples were less than the level of detection 
throughout the period. The major component, 
beryllium-7, is a naturally occurring radionuclide 
formed by interaction of cosmic rays with oxygen 
and nitrogen in the upper atmosphere. Radio- 
activity in air, determined from filter analyses, is 
shown in table 5. The July-December 1969 con- 
centrations of filterable beta radioactivity (0.15 
pCi/m*) and alpha radioactivity (0.7 fCi/m*) in 
air were 0.15 and 1.0 percent of the respective 
AEC standards. Tritium oxide concentrations in 
air, at the plant perimeter and at the 25-mile 
stations, did not exceed 0.2 percent of the AEC 
standard. 

Deposition of fallout during July-December 
1969 averaged 7 nCi/m? at the plant perimeter 
locations and 8 nCi/m? at 25-mile radius locations; 
comparable values for the last half of 1969 were 


Table 5. Radioactivity in air, Savannah River Plant, July-December 1969 





Alpha radioactivity* 
(f£Ci/m’) 


Sampling points 


Nonvolatile beta radio- 
activity> (pCi/m!*) (pCi/m#) 


Specific radionuclides in composite samples 





Mini- 
mum 


Maxi- 
mum 


Average| Maxi- 


Mini- 
mum 


Average| ®.%Sr BICs 11,14 Ce | 103,106Ry | %Zr-Nb 





Plant perimeter: 
A 


@ RAOND 


Average 


25-mile-radius: 
Aiken Airport 
Aiken State Park 


©9 00 60 = G0 CO 
N DHANOUAUAD 


Distant air-monitoring: 
8.C: Columbia 
Greenville 


@® aNoo 
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Seeeaeseac SR288 


2235 


























* AEC radiation protection standard-—70 fCi/m*. 
> AEC radiation protection atandard—100 pCi /m‘, 


¢ The beryllium-7 concentrations reported for the January-June 1969 were incorrect. The corrected concentration range is 0.11 -0.15 pCi/m', 
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Figure 4. 


22 and 21 nCi/m®? (excluding naturally occurring 
beryllium-7). Deposition at each sampling loca- 
tion is presented in table 6. 


Water monitoring 


The plant site is drained by five streams that 
flow several miles through the reservation before 
reaching the river (figure 5). In January 1965, the 
Beaufort-Jasper Water Authority began opera- 
tion of a new treatment facility to furnish drinking 
water, partially supplied from the Savannah 
River, to most of Beaufort County, S.C. Water is 
supplied through a canal from the river at a loca- 
tion about 90 miles below the SRP. The city of 
Savannah also supplements its domestic well sup- 
ply with river water during periods of peak de- 





Influence of weapons tests 


mand. The tritium concentrations in raw water 
collected from the Beaufort-Jasper Water Plant 
averaged 2 nCi/liter (0.07 percent of the AEC 
standard) during the July-December 1969 period. 
The annual radiation exposure of an individual in 
this population from the consumption of water 
containing this low concentration of tritium is 
0.33 mrem. This exposure may be compared with 
40 mrem/a from natural potassium found in the 
body of all persons or with the 170 mrem/a speci- 
fied by the Federal Radiation Council as the an- 
nual dose guide for members of the public. 
Communities near the plant get domestic water 
from deep wells or surface streams. Public water 
supplies from 14 surrounding towns were collected 
and analyzed in September. There was no evi- 
dence that SRP contributed radioactivity to 


Table 6. Twvial fallout deposited, Savannah River Plant, July-December 
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» A naturally-occurring radionuclide, The beryllium-7 depositions reported for January-June 1969 are in error, The corrected range is 7.7-11.5 nCi/m?, 


706 


Radiological Health Data and Reports 








GEORGIA 


Wg 


LEGEND 


(0 FUEL PREPARATION AREA 

@ REACTOR AREA 

GB SEPARATION AREA 

& HEAVY WATER PRODUCTION PLANT 
%K RIVER SAMPLING POINTS 





SOUTH CAROLINA 








Figure 5. 


drinking water supplies. Concentrations of alpha 
radioactivity (1.3 pCi/liter) and beta radioac- 
tivity (8 pCi/liter) were essentially the same as 
those observed before plant startup. Radioac- 
tivity in public water supplies data is presented in 
table 7. 

River water, analyzed weekly, was sampled 
continuously at four locations, as shown in figure 5. 
Concentrations of alpha and nonvolatile beta 
radioactivity in river water for the past year are 
presented in table 8. Average concentrations of 


December 1970 


SRP production and effuent streams 


specific radionuclides found in river water during 
July-December 1969 appear in table 9. 

Tritium, sulfur-35, and trace amounts of cesium- 
137, strontium-89, and strontium-90 were the 
radionuclides of SRP origin detectable in river 
water at the downstream location. Strontium-90 
and tritium from worldwide fallout were also de- 
tected in river water upstream from SRP effluents. 

Tritium, a beta-particle emitter and the most 
abundant radionuclide released to the river, is 
produced by neutron irradiation of heavy-water 
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Table 7. 


Radioactivity in public water supplies, 
July-December 1969 


| Alpha 
} radioactivity® 
(pCi/liter) 


| Nonvolatile beta 
radioactivity” 


Sampling points | (pCi/liter) 


| 


September September 


Aiken 
Allendale __ 
Augusta__-_ 
Barnwell. - 
Bath_ 
Blackville _ - 
Clearwater 
Jackson 
Langley 5 
New Ellenton_- 
North Augusta_ 
Sardis 
Waynesboro - 
Williston 


CAD 





wm UnNure 


Average | 


wo 


® AEC radiation protection standard—10 pCi/liter; sensitivity of analy- 
is—0.2 pCi/liter. 

b AEC radiation protection standard—3 nCi/liter; sensitivity of analy- 
i 4.0 pCi /liter, 

ND, nondetectable, less than sensitivity of analysis. 


moderator in the reactors. Chromium-51 and sul- 
fur-35 (also a beta-particle emitter), the second 
and third most abundant radionuclides released to 
the river, are produced by neutron irradiation of 
stable chromium and stable sulfur. Tritium and 
chromium-51 are among the least dangerous of all 
radionuclides because neither concentrates in 
body tissues. The respective concentrations of 
tritium, chromium-51, .and sulfur-35 in river 
water averaged 0.30, <0.001 and 0.01 percent of 
the AEC radiation protection standards, 
respectively. 


Fish in Savannah River 


Fish, predominantly bream, were collected 
weekly upstream, adjacent to, and downstream 
from the Savannah River Plant effluents. Specific 
radionuclide analyses of fish are summarized in 
table 10, replacing more generalized data previ- 
ously reported as “nonvolatile beta activity.” 
The radioactivity in bone and flesh from fish col- 
lected adjacent to and downstream from SRP in- 
dicates some minor contribution by SRP. Al- 
though measurably higher than similar collections 
at the control station upstream from SRP efflu- 
ents, the increase is of minor significance when 
compared to the intake guides defined by the 
AEC radiation protection standards. 


Vegetation 


Radioactive contamination of growing plants 
may result from deposition on foliar surfaces or 
sorption of radioactive materials from the soil. 

Grass samples were collected at seven locations 
along the plant perimeter and at seven other loca- 
tions along a 25-mile radius route (these are not 
designated on figure 2). Bermuda grass was se- 
lected for analysis because of its importance as a 
pasture grass for dairy herds and its availability 
during all seasons of the year. Samples from each 
quadrant of the plant site and of the surround- 
ing area were composited for monthly analysis 


Table 8. Radioactivity in Savannah River water, July-December 1969 


. . . | 
Sampling points | 


Alpha radioactivity* (pCi/liter) 


July-December 1969 





Nonvolatile beta radioactivity’ (pCi/liter) 





January- 


July-December 1969 
June 1969 


January- 
June 1969 





1 mile upstream from Upper Three Runs Creek___-___- 


| Maximum | Minimum | Average 


Average Maximum | Minimum | Average Average 





(control) p x ND N N 10 | ND 


Downstream from Steel Creek of ND N v ND 


Downstream from Lower Three Runs Creek - ND N 2: ND 








8 miles downstream from Lower Three Runs Creek ; ND v N ND 





* AEC radiation protectionstandard—10 pCi/liter; sensitivity of analysis—0,2 pCi /liter. 
> AEC radiation protection standard—3 nCi/liter; senstivity of analysis—4.0 pCi/liter. 
ND, nondetectable, less than sensitivity of analysis. 
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Table 9. Average concentration of radionuclides in Savannah River 
water, July-December 1969 





| 


Concentration 
(pCi /liter) 





Nuclides 
Sensitivity | 
| of analysis 


nh 


Cerium-141, 144 

Cesium-134 , 137 | 

Neptunium-239__.........--- 

Barium-lanthanum-140- 
irconium-niobium-95 

Chromium-51 

Strontium-89 

ee. 


Pe RON WWUION OS 


Manganese-54 
Sulfur-35_....---- aa 5 


| Control (1 mile 

upstream from 
Upper Three 
Runs Creek) 


Highway 301 

(8 miles down- 
stream from Lower 
| Three Runs Creek) 


Percent AEC 
standard at 
Highway 301 


( 
< 
< 
<. 
< 
< 
< 


ND, nondetectable, less than sensitivity of analysis. 


Table 10. Radioactivity in Savannah River fish, 
wiumcane: cember 1969 


Concentration 
(pCi/g wet weight) 


Type of 


Location samples | Strontium-89-90? | 


Cesium-137 


Maxi- 


Maxi- 
mum 


| Average Average 





Above plant boundary 

(Control) Bone 
Flesh 
Adjacent to Plant Bone 
Flesh 
Below Plant at Highway 

301 Bone 
Flesh 











® Monthly composites of weekly collections for strontium-89-90, and 
cesium-137. 


b Previous analyses have indicated a 1: 100 strontium ratio between flesh 
and bone, i 
NA, no analysis, 


Gamma-emitting radionuclides in grass samples 
(excluding beryllium-7) were from fallout. Alpha- 
particle emitters averaged 0.1 pCi/g at the plant 
perimeter and 25-mile radius locations as com- 
pared to 0.2 pCi/g during the first half of 1969; 
gamma-ray emitters averaged 12.0 and 15.3 pCi/g, 
respectively, as compared to 17.6 and 22.4 pCi/g 
for the first half of 1969. Radioactivity in grass 
samples is presented in table 11. While the exact 
nature of the alpha radioactivity decrease is not 
known, the change is commensurate with previ- 
ously observed changes that appear to be seasonal. 


December 1970 


Table 11. Radioactivity on vegetation, 


July-December 1969 


Concentration — i/g sed weight) 


Radionuclides* 25-mile radius 


(7 locations) 


Plant perimeter 
(7 locations) 


| Maximum 
| 


Average | Maximum Average 


Alpha emitters___ -- - - - -- 
Cc esium- 137_- F | 


Be mes tee Pesos 
Iodine-131 
Barium-lanthanum-140.- 
Zirconium-niobium-95, - 


wZZrnwuwo 


Sensitivity of sonivele i in pCi/g dry weight, alpha emitters 0.10; cesium- 
137, 0.3; ceriurn-141,144, 1.0; ruthenium-103,106, 1.4; beryllium-7, 3.0; 
iodine-131, 0.2; barium-lanthanum-140, 6,0; zirconium- niobium- 95, 0.5, 

ND, nondetectable, less than sensitivity of analysis. 


Milk 


Milk was sampled at three dairies within a 25- 
mile radius of the Savannah River Plant (figure 2). 
Samples, collected biweekly, were analyzed for 
tritium and radioiodine. Strontium-90 and ce- 
sium-137 determinations were made quarterly. 
Milk produced in the area and sold by major dis- 
tributors was also analyzed for these radionuclides. 
Results from analyzing milk for radioactivity 
during July-December 1969 are shown in table 12. 

Average concentrations of the radionuclides in 
milk were 9 pCi/liter of strontium-90 (compared 
to 11 pCi/liter of strontium-90 during the first 
half of 1969) and 12 pCi/liter of cesium-137. Io- 
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Table 12. Radioactivity in milk from local dairies, Savannah River Plant, 


July-December 1969 





Concentration 





Distributing 
points 


Tritium* 


Strontium-$0> 


(nCi/liter) 


(pCi/liter) 


Cesium-137¢ 
(pCi/liter) 





Maxi- Mini- Average 


ee 3 
North Augusta_-________- 
Waynesboro 

Major distributors*_____- 





® Sensitivity of analysis—3 nCi/liter; AEC standard—3,000 nCi/liter. 





September December September December 





ND 
ND 
10 

8 














> Sensitivity of analysis—1.0 pCi/liter; AEC standard—300 pCi/liter. 
¢ Sensitivity of analysis—5.0 pCi/liter; AEC standard—300 pCi/liter. 
4 Milk produced in local dairies, but sold by major distributors. 


ND, nondetectable, less than sensitivity of analysis. 
NS, no sample. 


dine-131 was less than the sensitivity of the analy- 
sis (5 pCi/liter) throughout this period. These 
values are consistent with those reported by the 
U.S. Public Health Service for most sections of the 
United States. Tritium in local milk, when present, 
is assumed to be associated with plant operations. 
The average tritium level (1,300 pCi/liter) was 
0.04 percent of the AEC standard for water. 


Food 


Samples of farm produce, representing four 
food categories (grain, fruit, poultry, and leafy 
vegetables), were collected at 14 localities in the 
six counties surrounding SRP (not shown on 
maps) during the summer and fall of 1969. Sixty 
samples were analyzed by gamma spectrometry 
for cerium-141-144, iodine-131, ruthenium-103- 
106, cesium-137, zirconium-niobium-95, and mang- 
anese-54. Radiochemical analyses were used for 
strontium-90 and alpha emitters (uranium and 


plutonium). With the exception of grains, all 
foods were prepared for analysis in a manner simi- 
lar to that used to prepare them for eating. Peel- 
ings, seeds, and other nonedible parts were re- 
moved. Wheat, containing the whole grains only, 
and oats, containing both grains and husks, were 
processed unwashed. Results are summarized in 
table 13. Concentrations in some samples were too 
low for reliable measurement, and only results 
above the detection limit of the analyses are in- 
cluded. 

SRP contributions to the levels of radioactivity 
in foods were so low in 1969 as to be indistinguish- 
able from fallout. With the exception of cesium- 
137 and strontium-90, all radionuclides in food 
were near or below levels of detection. Strontium- 
90 and cesium-137 were about the same as in 
the 1968 samples with respective peak averages 
again in collards (0.26 pCi/g) and grain (0.07 
pCi/g). 


Table 13. Radioactivity of agricultural products, Savannah River Plant, 1969 





Number 


Concentration* 
(pCi/g net weight) 





Products of 
samples Strontium-90 


Cerium-141, 144 


Zirconium-niobium-95 Cesium-137 Alpha emitters 





Average | Maximum] Average 


Maximum 





Average | Maximum| Average | Maximum] Average | Maximum 





Collards 


Oats, rye, wheat 
Yorn 


























0.002 
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Environmental gamma radiation levels 


Monthly measurements of environmental 
gamma radiation were made with thermolumines- 
cent dosimeters. The July-December 1969 data 
(shown in table 14) are characteristic of measure- 
ments observed at individual stations for the past 
several years. 


Table 14. Environmental gamma radiation, Savannah 


River Plant, July-December 1969 


Gamma radiation (mR/24 h) 


Sampling points 


Maximum | Minimum | Average 





Average 


25-mile-radius: 
Aiken Airport 
Aiken State Park 
Allendale 


Highway 301 __ 











Average 


3. SLC Prototype Reactor Facility‘ 
January—December 1969 


Combustion Engineering, Inc. 
Windsor, Conn. 


The S1C Prototype Reactor Facility is a land- 
based nuclear submarine power plant operated for 
the Atomic Energy Commission by the Naval 
Reactors Division of Combustion Engineering, 
Inc. (figure 6). The prototype contains a pres- 
surized water reactor power plant which is pri- 
marily used to train personnel ia the operation of 
naval reactor power plants. Reactor power opera- 
tions at the S1C Prototype Facility began in De- 
cember 1959. 


‘Summarized from “S1C Prototype Reactor Facility 
Environmental Monitoring, Report for 1969.” 


December 1970 


Summary 


The quantity of radioactive waste released by 
the Savannah River Plant to its environs was, for 
the most part, too small to be distinguished from 
natural background radiation or was obscured by 
fallout from offsite sources. Beta radioactivity in 
air, which showed no relationship with plant 
operations, was about the same as that observed 
for January-June 1969 and was a twofold in- 
crease over the same period of 1968. Radioactive 
materials in fish flesh continued to be far below 
levels considered significant from a health stand- 
point. The average concentration of any radio- 
nuclide in river water at Highway 301 did not ex- 
ceed 0.4 percent of the AEC radiation protection 
standard. 


Recent coverage in Radiological Health Data and Reports: 
Period 


July-December 1968 
January—June 1969 


Issue 


November 1969 
May 1970 
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SITE 


WINDSOR 











Figure 6. Environmental monitoring locations 
SIC Prototype site 


The low-level radioactive waste discharged in- 
termittently from S1C prototype operations con- 
sists mainly of water. Small quantities of airborne 
particulates in gaseous waste are also generated 
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and released on occasion in the ventilation exhaust 
air. 

Essentially, all of the radioactive waste origi- 
nates from the activation of minute amounts of 
impurities or corrosion products in the circulating 
water used as a reactor coolant. All materials re- 
leased to the environment are routinely monitored 
to assure that waste disposal operations comply 
with AEC regulations. 


Liquid radioactive waste 


Drainage from all systems which are known to 
contain radioactive liquids were collected, pro- 
cessed and sampled prior to discharge to the en- 
vironment to assure that discharge concentrations 
were within the required-limits. In addition, waste 
effluent is sampled as it is discharged to the en- 
vironment. These samples are analyzed for radio- 
activity, and the results are retained as part of the 
permanent records. 

The S1C Prototype discharged a total of 1.84 
megaliters of radioactive liquid waste containing 
285.2 microcuries of radioactivity during 1969 for 
an annual average discharge concentration of 150 
pCi/liter. 


Water monitoring 


Water and sediment samples from the Farming- 
ton River are taken quarterly and analyzed. These 
samples are used to determine if buildup (recon- 
centration of radioactivity) is occurring. 

The Farmington River was sampled at the out- 
let of the S1C Prototype discharge brook. During 
1969, gross gamma radioactivity of water samples 
from the outlet of the S1C discharge brook ranged 
from <5.9 to 410 pCi/liter which is well below the 
30 nCi/liter maximum permissible concentration 
specified by the Federal Regulations for cobalt-60, 
the most limiting radionuclide in S1C wastes. 

Results of the analysis of sediment samples 
taken at the outflow of the S1C Prototype dis- 
charge brook are contained in table 15. These re- 
sults when compared with preoperational surveys 
indicate that no significant buildup of radioac- 
tivity has occurred. 


Airborne radioactivity 


All areas onsite where gaseous and/or particu- 
late airborne radioactivity could be present are 
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Table 15. Farmington River sediment sample results, 
1969 





Average gross gamma concen- 
Period tration at outlet of 
(1969) discharge brook 
(pCi/g) 





January-March 
April-June. -_.......-- 
July-September 
October-December 





® Sample not taken because of ice on river, 


directed through ducts to monitored stacks. The 
stacks are monitored for airborne levels on a con- 
tinuous basis. The facility’s operational controls 
ensure that the radioactive concentration in the 
environment does not exceed the 100 pCi/m* 
limit. This limit is based on levels of strontium-90 
and alpha-particle emitting isotopes being in- 
significant. 

The airborne particulate radioactivity samples 
taken during discharge are recounted 4 hours after 
discharge. This delay allows short-lived radio- 
activity to decay. The air effluent analysis records 
indicate that no significant airborne radioactivity 
was discharged above natural backgrounds levels. 


Radiation evaluation 


Film badges were posted on the site’s exclusion 
area perimeter for the detection of beta-gamma 
radiation. The badges were processed monthly, 
and the exposure results were generally less than 
10 millirem. The normal background for the sur- 
rounding area not influenced by S1C Prototype 
operation is also 10 millirem per month. 


Conclusions 


Results of the analyses and of the continuous 
monitoring throughout 1969 have indicated that 
S1C Prototype operations have met all of the 
Federal Regulations pertaining to AEC standards. 
Environmental analyses indicate that no signifi- 
cant quantities of radioactivity have accumulated 
above the preoperational environmental results. 
It is, therefore, concluded that the facility opera- 
tions have not adversely affected the surrounding 
environment. 


Recent coverage in Radiological Health Data and Reports: 
Period 
January—December 1968 


Issue 
July 1970 
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Reported Nuclear Detonations, November 1970 


(Includes seismic signals from foreign test areas) 


On November 4, 1970, the United States re- 
corded seismic signals which presumably orig- 
inated from the Soviet underground nuclear test 
area in the Semipalatinsk region. The signals were 
equivalent to those of nuclear test in the low- 
intermediate yield range of 20-200 kilotons TNT. 





The U.S. Atomic Energy Commission an- 
nounced only one test for November 1970. A 
nuclear test of low-intermediate yield (equivalent 
to 20-200 kilotons TNT) was conducted under- 
ground at the Nevada Test Site on November 5, 
1970. 





Not all of the nuclear detonations in the United States are announced im- 
mediately, therefore, the information in this section may not be complete. A 
complete list of announced U. S. nuclear detonations may be obtained upon 
request from the Division of Public Information, U. S. Atomic Energy Com- 


mission, Washington, D. C. 20545. 
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Radiological Health Data and Reports 
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NUCLEAR POWER PLANTS in tHe UNITED STATES 


The nuclear power plants included in this map are ones whose power is 
being transmitted or is scheduled to be transmitted over utility electric 
power grids and for which reactor suppliers have been selected 





NUCLEAR PLANT CAPACITY 
(KILOWATTS) 

OPERABLE 5,773,700 

BEING BUILT 43,843,900 

PLANNED REACTORS ORDERED 37,071,000 

REACTORS NOT ORDERED 8,051,000 

TOTAL 94,739,600 


ELECTRIC UTILITY CAPACITY BY CONVENTIONAL MEANS 
AS OF JUNE 30, 1970: 320,088,271 KILOWATTS 











LEGEND 
OPERABLE @ (17) 
BEING BUILT 4 (54) 
*PLANNED (Reactors Ordered) @ (38) 


*9 more plants have been announced for which 
reactors have not yet been ordered. 


Figure 1. Nuclear power plants in the United States—continued 
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U.S.Atomic Energy Commission 
September 30, 1970 
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A 


A decade of publication, Mar:107 
Air—see also atmospheric contaminants 
Radiation Alert Network 
Strontium and plutonium isotopes in ground level air, 
October 1963—March 1969, Mar:129 
Alaska 
Cesium-137 concentrations in Eskimos, spring 
May:219 
Radionuclide analysis of Coast Guard water supplies, 
January 1968-July 1969, Feb:83 
Radionuclides in Alaskan caribou and reindeer, May- 
December 1969, Oct:563 
Analysis of iodine-131 in bovine thyroids, October 1964 
through February 1969, Nov:575 
An investigation of x radiation from color television receivers 
in Suffolk County, New York, Apr:179 
A priority system for the inspection of x-ray facilities, 
Aug:367 
Argonne National Laboratory 
July-December 1968, Feb:95 
January—June 1969, July:357 
Arizona 
Environmental survey of uranium tailings pile, Monu- 
ment Valley,Ariz., Oct:511 


1968, 


Atmospheric contaminants 

Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 

Environmental surveillance around nuclear power re- 
actors, July:325 

Environmental survey of uranium tailings pile, Monu- 
ment Valley, Ariz., Oct:511 

Krypton-85 levels in the environment determined from 
dated krypton gas samples, Dec:671 

Offsite surveillance around the Nevada Test Site, July— 
December 1965, Mar:165 

Plutonium in airborne particulates and precipitation 
July-September 1968, Feb:92- 
January-March 1969, Aug:410 

Some measurements on radioactivity in Sweden caused 
by nuclear test explosions, Oct:487 

Surface Air Sam pling Program—80th Meridian Network, 
January—December 1966, Oct:554 

Zirconium-95 in Utah vegetation produced during the 
1966 growing season, June:277 errata, Oct: 572 


Atmospheric levels of radioactivity—-see atmospheric con- 
taminants; environmental levels of radioactivity at 
Atomic Energy Commission installations; fallout; nu- 
clear tests; reported nuclear detonations 


Atomic Energy Commission installations—see Argonne; 
Atomics International; Bettis; Feed Materials Production 
Center; Knolls; Lawrence; Los Alamos; Mound; National; 
Neutron Devices; Oak Ridge; Paducah; Portsmouth; 
Rocky Flats; Savannah; Shippingport; S1C Prototype 


Atomics International 
Jan—June 1969, Mar:172 
July—Dec 1969, Aug:412 


December 1970 


Annual Subject Index 


Volume 11—1970 


B 


Barium-lanthanum-140—see atmospheric contaminants; 
Atomic Energy Commission Installations; fallout; milk 
Bettis Atomic Power Laboratory 
Jan—Dec 1968, Jan:37 
Jan—Dec 1969, Sept:476 
Body burdens 
- Tritium body burden of children, 1967-1968, May:227 
one 
Strontium-90 in human bone 
Jan—Mar 1969, Mar:169 
Apr-June 1969, May:261 
July—Sept 1969, June:316 
Oct-Dec 1969, Sept:473 
Strontium-90 in human bones in the United States, 
1962-1966, Apr:183 
Bovine thyroids 
Analysis of iodine-131 in bovine thyroids, October 1964 
through February 1969, Nov:573 
Iodine-131 in bovine thyroids, summary of program 
operations, 1963-1969, June:313 


C 


Calcium—see diet; milk 
California 
Estimated daily intake of radionuclides in California 
diets, Oct-Dec 1968, and Jan-Mar 1969, May:248 
Apr—Dec 1969 and Jan—June 1970, Nov:628 
Radioactivity in California waters, July-December 1968, 
Aug:400 
Canada 
Canadian air and precipitation monitoring program 
Sept 1969, Jan:33 Mar 1970, July:353 
Oct 1969, Feb:89 Apr 1970, Aug:407 
Nov 1969, Mar:161 May 1970, Sept:471 
Dec 1969, Apr:203 June 1970, Oct:549 
Jan 1970, May:257 July 1970, Nov:645 
Feb 1970, June:309 Aug 1970, Dec:699 
Caribou 
Radionuclides in Alaskan caribou and reindeer, May- 
December 1969, Oct:563 
Cesium-137—see also diet; milk 
Cesium-137 concentrations in Eskimos, Spring 1968, 
May:219 
Elevated levels of cesium-137 in common mushrooms 
(Agaricaceae) with possible relationship to high levels 
of cesium-137 in whitetail deer, 1968-1969, Oct:527 
Radioactive cesium in estuaries, Dec:659 
Strontium-90 and cesium-137 in total diet samples—a 
comparative study of data, Feb:47 
Coast Guard ; 
Radionuclide analysis of Coast Guard water supplies, 
January 1968-July 1969, Feb:83 
Color television 
An investigation of x radiation from color television re- 
ceivers in Suffolk County, New York, Apr:179 


717 





Results of a study of color television set assembly and 
repair workers x-ray safety, Oct:519 
Connecticut 
Estimated daily intake of radionuclides in Connecticut 
standard diet, 
July-December 1968 and January—June 1969, Feb:80 
July-December 1969, Dec:684 


D 


Dental x rays 
Diagnostic dental x rays and the patient—an overview, 
Jan:1 
Results of a program directed toward reduction of dental 
x-ray exposure, Mar:109 
Results of 33,911 x-ray protection surveys of facilities 
with medical or dental diagnostic x-ray equipment, 
fiscal years 1961-1968, Nov:581 
Detonations—see nuclear detonations 
Diet 
Estimated daily intake of radionuclides in diet—see 
California, Connecticut 
Radionuclides in Institutional diet samples 
Apr-—June 1969, Jan:22 
July-Sept 1969, June:294 
Oct—Dec 1969 and annual summary 1969, Aug:394 
Jan—Mar 1970, Nov:633 
Strontium-90 and cesium-137 in total diet samples—a 
comparative study of data, Feb:47 
Strontium-90 in Tri-City diets 
Jan—Dec 1969, June:297 
Disposal of radioactive wastes from U.S. Naval nuclear- 
powered ships and their support facilities, 1969, Aug:373 
errata, Oct: 572 


E 


Elevated levels of cesium-137 in common mushrooms 
(Agaricaceae) with possible relationship to high levels of 
cesium-137 in whitetail deer, 1968-1969, Oct:527 
Environment 
Krypton-85 levels in the environment determined from 
dated krypton gas samples, Dec:671 

Environmental levels of radioactivity at Atomic Energy 
Installations—see Argonne; Atomics International; 
Bettis; Feed Materials Production Center; Knolls; 
Lawrence; Los Alamos; Mound; National; Neutron 
Devices; Oak Ridge; Paducah; Portsmouth; Rocky 
Flats; Savannah; Shippingport; S1C Prototype 

Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 

Environmental surveillance around nuclear power re- 
actors, July:325 

Environmental survey of uranium tailings pile, Monu- 
ment Valley, Ariz., Oct:511 

Natural environmental radioactivity in south Florida 
sands and soils, February—June 1968, Sept:441 
Errata, 
Evaluation of emissions from radium dial watches, Jan:7 
Exposures—see also x ray 
Lead content of glass used for shielding television re- 
ceiver components and its relation to exposure rate, 
Mar:135 

Results of a program directed toward reduction of dental 
x-ray exposure, Mar:109 


F 


Fallout—see atmospheric contaminants; environment 
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Feed Materials Production Center 
Jan—June 1969, Mar:175 
July—Dec 1969, Aug:415 
Florida 
Elevated levels of cesium-137 in common mushrooms 
(Agaricaceae) with possible relationship to high levels 
of cesium-137 in whitetail deer, 1968-1969, Oct:527 
Natural environmental radioactivity in south Florida 
sands and soils, February—June 1968, Sept:441 
Radioactivity in Florida waters, 1968, Mar:154 
Fluoroscopy—see x ray 
Food—see also diet; milk 
Tritium concentrations in food, 1967-1968, May:233 


G 


Gamma activity—see atmospheric contaminants 


H 


Healing arts—see also x ray 
Survey results of the use of x rays in the healing arts 
specialities in North Dakota, 1964-1968, Mar:117 
Human bone 
Strontium-90 in human bone, 
Jan—Mar 1969, Mar:169 
Apr-June 1969, May:261 
July—Sept 1969, June:316 
Oct-Dec 1969, Sept:473 
Strontium-90 in human bones in the United States, 
1962-1966, Apr:183 


Interstate carrier drinking water analysis program, 1967- 
1969, Dec:688 
Iodine-131 
Analysis of iodine-131 in bovine thyroids, October 1964 
through February 1969, Nov:573 
Iodine-131 in bovine thyroids, summary of program 
operations, 1963-1969, June:313 


J, K, L 


Kansas 
Kansas milk network, January-December 1969, Sept:459 
Preliminary survey of x-ray producing devices in Kansas 
schools, 1968, Nov:613 
Radioactivity in Kansas surface waters, January—De- 
cember 1969, Sept:464 
Knolls Atomic Power Laboratory 
Jan—Dec 1968, Oct:565 
Krypton-85 
Krypton-85 levels in the environment determined from 
dated krypton gas samples, Dec:671 
Lead content of glass used for shielding television receiver 
components and its relation to exposure rates, Mar:135 
Lawrence Radiation Laboratory 
Jan—June 1969, Apr:207 
July—Dec 1969, Nov:649 
Los Alamos Scientific Laboratory 
Jan—Dec 1969, Sept:478 


Radiological Health Data and Reports 





Maryland 
Radioactive cesium in estuaries, Dec:659 
Mexican Air Monitoring Program 
Mar-April 1969, Jan:34 
May-June 1969, Feb:90 
July—Aug 1969, Mar:162 
Sept-Oct 1969, Apr:204 
Nov 1969, May:258 
Dec 1969, Aug:408 
Jan—June 1970, Oct:550 
July 1970, Nov:646 
Microwave 
Nassau County microwave oven study, July 1970, 
Dec:667 
Milk 
Kansas milk network, January-December 1969, Sept:459 
Milk surveillance 
Sept 1969, Jan:11 
errata, May: 276 
Oct 1969, Feb:69 
Nov 1969, Mar:141 
Dec 1969, Apr:187 
Jan 1970, May:237 July 1970, Nov:617 
Feb 1970, June:283 Aug 1970, Dec:673 
Standby milk surveillance network, Aug:379 
Minnesota 
Radioactivity in Minnesota municipal water supplies, 
January-June 1969, Jan:26 
Mound Laboratory 
Jan—June 1969, June:319 
July—Dee 1969, Dec:701 


Mar 1970, July:333 


Apr 1970, Aug:383 
May 1970, Sept:449 
June 1970, Oct:533 


N 


Nassau County microwave oven study, July 1970, Dec:667 
National Reactor Testing Station 
July—Dec 1968, June:321 
Natural environmental radioactivity in south Florida 
sands and soils, February—June 1968, Sept:441 
Neutron Devices Department 
July—Dec 1968, Jan:39 
Jan—June 1969, Apr:212 
July—Dec 1969, Aug:417 
Nevada 
Offsite surveillance around the Nevada test site, July— 
December 1965, Mar:165 
New York 
An investigation of x radiation from color television re- 
ceivers in Suffolk County, New York, Apr:179 
Nassau County microwave oven study, July 1970, 
Dec:667 
Radioactivity in New York surface water, January- 
June 1969, June:302 
North Dakota 
Survey results of the use of x rays in the healing arts 
specialities in North Dakota, 1964-1968, Mar:117 
Nuclear detonations 
Reported nuclear detonations (includes seismic signals 
from foreign test areas) 
Dec 1969, Jan:45 
Jan 1970, Feb:105 
Feb 1970, Mar:177 
Mar 1970, Apr:217 
Apr 1970, May:275 
ay 1970, June:324 
Nuclear power 
Environmental surveillance around nuclear power re- 
actors, July:325 
Nuclear power plants in the United States, Sept:484; 
Dee:714 
Nuclear powered ships 


June 1970, July:366 
July 1970, Aug:419 
Aug 1970, Sept:483 
Sept 1970, Oct:571 
Oct 1970, Nov:658 
Nov 1970, Dee:715 


December 1970 


Disposal of radioactive wastes from U.S. Naval nuclear- 
powered ships and their support facilities, 1969, Aug:373 
Nuclear tests 
Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 
Some measurements on radioactivity in Sweden caused by 
nuclear test explosions, Oct:487 


O 


Oak Ridge Area 
July—Dec 1968, Jan:41 
Jan—June 1969, May:264 
Offsite surveillance around the nuclear test site, July— 
December 1965, Mar:165 
Operation Pinstripe 
Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 


P,Q 


Paducah Plant 
Jan—June 1969, Apr:213 
July—Dec 1969, Sept:479 
Pan American Health Organization 
Pan American Air Sampling Program 
Sept 1969, Jan:35 Mar 1970, July:354 
Oct 1969, Feb:91 Apr 1970, Aug:409 
Nov 1969, Mar:163 May 1970, Sept:472 
Dec 1969, Apr:205 June 1970, Oct:552 
Jan 1970, May:259 July 1970, Nov:647 
Feb 1970, June:310 Aug 1970, Dec:700 
Pan American Milk Sampling Program, see milk surveillance 
Particulates—see atmospheric contaminants; atmospheric 
levels of radioactivity; Atomic Energy Commission in- 
stallations; Radiation Alert Network 
Pasteurized Milk Network, see milk surveillance 
Plutonium 
Plutonium in airborne particulates and precipitation 
July—Sept 1968, Feb:92 
July—Dec 1968, June:311 
Plutonium in airborne particulates 
Jan-Mar 1969, Aug:410 
Apr-Dec 1969, Oct:552 
Strontium and plutonium isotopes in ground level air, 
October 1963—March 1969, Mar:129 
Portsmouth Area Gaseous Diffusion Plant 
Jan-June 1969, Apr:216 
July—Dec 1969, Oct:569 
Precipitation—see also atmospheric contaminants; atmos- 
pheric levels of radioactivity; Radiation Alert Network 
Tritium concentration in precipitation 
1967-1968, Mar:137 
Tritium in precipitation 
Jan—June 1969, June:310 
July—Dec 1969, July:354 
Preliminary survey of x-ray producing devices in Kansas 
schools, 1968, Nov:613 
Priority system for the inspection of x-ray facilities, Aug:367 


R 


Radiation Alert Network 
Sept 1969, Jan:30 
Oct 1969, Feb:86 
Nov 1969, Mar:158 
Dec 1969, Apr:200 
Jan 1970, May:254 
Feb 1970, June:306 


Mar 1970, July:350 
Apr 1970, Aug:404 
May 1970, Sept:468 
June 1970, Oct:546 
July 1970, Nov:642 
Aug 1970, Dec:696 





Radioactive cesium in estuaries, Dec:659 
Radioactivity 
Radioactivity in airborne particulates and precipitation— 
see Canada; Mexican; Pan American Health Organiza- 
tion; plutonium; Radiation Alert Network; Surface Air 
Sampling Network 
Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 
Natural environmental radioactivity in south Florida 
sands and soils, February—June 1968, Sept:441 
Radioactivity in California waters, July-December 1968, 
Aug:400 
Radioactivity in Florida waters, 1968, Mar:154 
Radioactivity in Kansas surface waters, January—De- 
cember 1969, Sept:464 
Radioactivity in Minnesota municipal water supplies, 
January—June 1969, Jan:26 
Radioactivity in New York surface water, January-June 
1969, June:302 
Some measurements on radioactivity in Sweden caused by 
nuclear test explosions, Oct:487 
Radionuclide analysis of Coast Guard water supplies, Jan- 
uary 1968-July 1969, Feb:83 
Radionuclides in Alaskan caribou and reindeer, May- 
December 1969, Oct:563 
Radionuclides in Institutional diet samples, see diet 
Radiostrontium 
Radiostrontium in tap water, Jan—Dec 1969, July:346 
Radium—see also diet 
Evaluation of emissions from radium dial watches, Jan:7 
Raw milk—see milk surveillance 
Reactors—see also Atomic Energy Commission 
Environmental surveillance around nuclear power re- 
actors, July:325 
Nuclear power plants in the United States, Sept:484; Dec: 
714 
Reindeer—see Alaska 
Reported nuclear detonations—see nuclear detonations 
Results of a program directed toward reduction of dental 
x-ray exposure, Mar:109 
Results of a study of color television set assembly and 
repair workers x-ray safety, Oct:519 
Results of 33,911 x-ray protection surveys of facilities with 
medical or dental diagnostic x-ray equipment, fiscal 
years 1961-1968, Nov:581 
Rocky Flats Plant 
Jan—June 1969, Feb:100 


S 


S1C Prototype Reactor Facility 
Jan—Dec 1968, July:364 
Jan—Dec 1969, Dec:711 
Savannah River Plant 
Jan—June 1969, May:268 
July—Dec 1969, Dec:704 
Shippingport Atomic Power Station 
Jan—Dec 1969, Nov:655 
Some measurements on radioactivity in Sweden caused by 
nuclear test explosions, Oct:487 
Standby milk surveillance network, Aug:379 
State milk surveillance activities—see milk 
Strontium-89—-see diet; milk; water 
Strontium-90—see also Alaska; atmospheric contaminants; 
bone; diet; environmental levels at AEC installations; 
milk; water 
Strontium-90 and cesium-137 in total diet samples—a 
comparative study of data, Feb:47 
Strontium-90 in human bone 
Jan—Mar 1969, Mar:169 
Apr-June 1969, May:261 
July—-Sept 1969, June:316 
Oct-Dec 1969, Sept:473 
Strontium-90 in human bones in the United States, 
1962-1966, Apr:183 
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Strontium and plutonium isotopes in ground level air, 
October 1963—March 1969, Mar:129 
Strontium-90 in tri-city diets, January-December 1969, 
June:297 
Standby milk surveillance network, Aug:379 
Surface air sampling program—80th meridian, January-— 
December 1966, Oct:554 
Surface waters—see water 
Survey results of the use of x rays in the healing arts special- 
ties in North Dakota, 1964-1968, Mar:117 


Television 
An investigation of x radiation from color television re- 
ceivers in Suffolk County, New York, Apr:179 
Lead content of glass used for shielding television re- 
ceiver components and its relation to exposure rate, 
Mar:135 
Results of a study of color television set assembly and 
repair workers x-ray safety, Oct:519 
Thyroid 
Analysis of iodine-131 in bovine thyroids, October 1964 
through February 1969, Nov:573 
Iodine-131 in bovine thyroids, summary of program oper- 
ations, 1963-1969, Jwne:313 
Tri-city diet study 
Strontium-90 in tri-city diets, January-December 1969, 
June:297 
Tritium 
Tritium body burden of children, 1967-1968, May:227 
Tritium in community water supplies, 1969, Dec:692 
Tritium concentration in precipitation, 1967-1968, 
Mar:137 
Tritium concentrations in food, 1967-1968, May:233 
Tritium in precipitation 
Jan—June 1969, June:310 
July—Dec 1969, July:354 
Tritium in streams in the United States, 1961-1968, 
Sept:421 
Tritium in surface water network 
July—Dec 1969, July:347 
Jan—June 1970, Nov:638 


U,V 


Uranium 
Environmental survey of uranium mill tailings pile, Monu- 
ment Valley, Ariz., Oct:511 
Utah 
Environmental levels of radioactivity in Utah following 
Operation Pinstripe, Feb:65 
Zirconium-95 in Utah vegetation produced during the 
1966 growing season, June:277 errata, Oct: 572 


W 


Wastes 
Disposal of radioactive wastes from U.S. Naval nuclear- 
powered ships and their support facilities, 1969, Aug:373 
errata, Oct: 572 
Water—see also Alaska; Atomic Energy Commission in- 
stallations 
Interstate carrier drinking water 
1967-1969, Dec:688 
Radioactivity in California waters, 
1968, Aug:400 
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July-December 
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Radioactivity in Kansas surface waters, January— 
December 1969, Sept:464 

Radioactivity in Minnesota municipal water supplies, Jan- 
uary—June 1969, Jan:26 

Radioactivity in New York surface water, January- 
June 1969, June:302 

Radionuclide analysis of Coast Guard water supplies, 
January 1968-July 1969, Feb:83 

Radiostrontium in tap water, January-December 1969, 
July: 346 

Tritium in community water supplies, 1969, Dec:692 

Tritium in streams in the United States, 1961-1968, 
Sept:421 

Tritium in surface water network 
July—Dec 1969, July:347 


A priority system for the inspection of x-ray facilities, 
Aug:367 

— dental x rays and the patient—an overview, 
Jan:1 

Preliminary survey of x-ray producing devices in Kansas 
schools, 1968, Nov:613 

Results of 33, 911 x- ray protection surveys of facilities 
with medical or dental diagnostic x-ray equipment, 
fiscal years 1961-1968, Nov:581 

Results of a program directed toward reduction of dental 
x-ray exposure, Mar:109 

Results of a study of color television set assembly and 
repair workers x-ray safety, Oct:519 

Survey results of the use of x rays in the healing arts 
specialities in North Dakota, 1964-1968, Mar:117 


Jan—June 1970, Nov:638 


X, Y, Z 


Zirconium-95 ; 
Zirconium-95 in Utah vegetation produced during the 
1966 growing season, June:277 errata, Oct: 572 


X Ray 
An investigation of x radiation from color television re- 





ceivers in Suffolk County, New York, Apr:179 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


RADIOACTIVE CESIUM IN ESTUARIES. Gordon K. Riel. Radiological 
Health Data and Reports, Vol. 11, December 1970, pp. 659-665. 


The concentration of dissolved cesium-137 from fallout in the Chesapeake 
Bay is on the order of 0.3 pCi/liter, while the concentration is less than 0.1 
pCi/liter in the rivers and ocean that supply the bay’s water. The ratio of radio- 
cesium concentration to salinity in the bay is fairly independent of location 
and season. Brief studies elsewhere indicate that this pattern is typical of 
estuaries. 


KEYWORDS: Cesium-137, Chesapeake Bay, estuaries, salinity, water 


NASSAU COUNTY MICROWAVE OVEN STUDY, JUNE 1969—March 1970. 
David Mafrici, Sheldon V. Bernstein, and Charles E. Miller. Radiological Health 
Data and Reports, Vol. 11, December 1970, pp. 667-670. 


The Radiological Health Section of the Nassau County Department of 
Health conducted a survey of microwave ovens located in Nassau County, 
New York. A total of 166 ovens were surveyed between June 1969 and March 
1970. It was found that 23 of the 166 ovens (14 percent) exceeded the industry’s 
standard of 10 mW/cm? during normal operation. When the door was in the 
process of being opened, 69 of the 166 ovens (42 percent) exceeded the stand- 
ard. The owners and the manufacturers of the ovens were notified of the results 
of the survey and recommendations were made for correction of deficiencies. 


KEYWORDS: interlock system, microwave leakage, microwave ovens, New 
York, radiation, survey 


KRYPTON-85 LEVELS IN THE ENVIRONMENT DETERMINED 
FROM DATED KRYPTON GAS SAMPLES. R. E. Shuping, C. R. Phillips, 
and A. A. Moghissi. Radiological Health Data and Reports, Vol. 11, December 
1970, pp. 671-672. 


A program to monitor the krypton-85 atmospheric concentrations in the 
United States is described, and concentrations of krypton-85 at several sites are 
presented. A brief description of the analytical method is given and values 
obtained are compared with those reported or predicted by others. 


KEYWORDS: atmosphere, environmental monitoring, krypton-85, liquid scin- 
tillation, United States 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 844 by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ological Health Data and Reports, Bureau of Radiolog- 
ical Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 
tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 
supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; eé.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 





Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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